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PREFACE

The Millers River watershed has a drainage area of 392 square miles
and is located in north-central Massachusetts with a small portion

in southwestern New Hampshire. The flood control plan for the water-
shed described in this manual includes twe dams and reservoirs, namely
Birch Hi1l Dam and Tully Lake, and a local protection project at
Gardner, Massachusetts. Birch Hill Dam is Tocaed in the southeastern
part of Royalston, Massachusetts and Tully Lake is in the southwestern
corner of the same town.

This Appendix of the Connecticut River Master Regulation Manual in-
cludes a description of the basin; hydrologic, climatological and
flood data, along with project descriptions and reguiation procedures
for all Corps projects. In addition to setting forth a method of res-
ervoir regulation, the manual will serve as a reference source for
future studies.

The manual is divided into seven chapters: Introduction, Management,
Hydrometeorology, Communications, Hydrologic Forecasts, Reservoir
Regulation and Hydrologic Equipment. The setup of chapters allows the
reader to obtain desired general background information on any partic-
ular aspect of each project.

Pertinent data on the hydrologic information of the watershed, Birch
Hi11l Dam and Tully Lake are shown on pages i, ii and 1ii, respectively,
at the front of the manual.

The chapter on Reservoir Regulation contains detailed procedures and
information necessary for regulating thke pwotective works to provide
protection for downstream communities on the Millers and Connecticut
Rivers.
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PERTINENT DATA -
MILLERS RIVER WATERSHED
HYDROLOGIC INFORMATION
DRATMAGE AREA Square Miles
MATN STEM - MILLERS RIVER
Near Winchendon, Mass. (USGS Gage) 83.0
At Birch Hi11 Dam 175
At South Royaiston, -Mass. (USGS Gage) 187
At Exchange Street Bridge, Athol, Mass. 206
At Main Street Bridge, Athol, Mass. 280
- At Main Street Bridge, Orange, Mass. 3i6
At Erving, Mass. (USGS Gage) 375
‘ At Mouth 392
TRIBUTARIES
a rook near Winchendon, Mass. (USGS Gage) 18.2
Priest Brook near Winchendon, Mass. (USGS Gage) 19.4
Otter River at Otter River, Mass, (USGS Gage} 34.2
Ctter River at Mouth 60
East Branch Tully River at Tully Lake 50
East Branch Tully River near Athol, Mass. (USGS Gage) 50.4
Tully River at Mouth 74
Lake Rohunta Qutlet near Athol, Mass. (USGS Gage) 26.3
Moss Brook at Wendell Depot, Mass, ({USGS Gage) 12.3
Birch Hill Dam Tully Lake Turners Falls
Massachusetts Massachusetts Massachusetts
TEMPERATURE {Degrees F.) (Pegrees F.) {Degrees F.)
Mean Annual 46.0 47.9 45.3
Maximum Recorded 99  (Aug) 104 {(July) 100 (July)
Minimum Recorded -3¢ {(Jan} -30 (Feb} -26 (Jan}
Years of Record 22 74 21
{Through 1970}
PRECIPITATION Winchendon Birch Hi11 Dam Tully Lake Turners Falls
Massachusetts Massachusetts Massachusetts Massachusetts
inches inches . {inches} (inches}
Mean Annual 41.69 37.52 41.07 47,32
Maximum Annual £9.98 (1938) 50.49 (1960} 54,28 (1951) 55.18 (1938)
Minimum Annual 28.26 (1965} 25.91 (1965) 27.67 (1964) 27.66 (1894)
Years Gf Record 77 22 21 al
(Through 1970)
WATER EQUIVALENT IN SNOW COVER (Entire Watershed)
1950 - 1972
Mean Maximum Minimum
{inches) {inches]) {inches)
1 February 2.0 4.2 0.3
15 February 2.5 5.6 0.0
1 March 3.4 7.6 0.0
16 March 3.6 7.7 0.0
1 April 2.3 8.2 0.0
15 April 0.4 4.9 0.0
USGS GAGES T Period of Record
Tarbell Brook near Winchendon, Mass. May 1916 - To Date
Millers River near Winchendon, Mass. Jun 1916 - .To Date
Priest Brook near Winchendon, Mass. May 1916 - To Date
Qtter River at Otter River, Mass, Dec 1964 - Yo Date
Millers River at South Royalston, Mass. Jul 1939 - To Date
East Branch Tully River near Athol, Mass.* . Get 1915 - To Oate
Lake Rohunta Ouflet near Athol, Mass. Dec 1964 - To Date
Moss Brook at Wendell Depot, Mass. Jun 1916 - To Date
Millers River at Erving, Mass. Aug 1914 - To Date
*Gaging station relocated 300 feet downstream of Tully Lake on
26 October 1948 (prior location 0.2 mile upstream from present location.)
Priest Brook Millers River East Branch Millers River
near Winchendon at South Royalston Tully River at Erving
Massachusetts Massachysetts near Athol, Mass. Massachusetts
FLOW RECORDS Date - Flow {cfs] Date Flow (cfs) Date FTow (ctfs] Date Flow {cfs]
Minimum Average Daily 4-8 Sep 29 0.08 4 Aug 56 9.3  7-10 Nov 61 0.01 6 Sep 26 8
Minimum Average Monthly Sep 64 0.29 Sep 64 20 Sep 64 1 Aug 66 43
Minimum Average Annuail 1965 8.2 1965 102 1965 23 1965 196
Maximum Average Dafly 21 Sep 38 2,280 13-14 Apr 40 3,890 21 Sep 38 3,650 22 Sep 38 22,000
Maximum Average Monthly Apr 40 225 Apr 40 1,850 Apr 40 528 Mar 36 3,989
Maximum Average Annual 1928 65.0 1960 4380 1928 140 1938 1,012
Maximum Instantaneous 21 Sep 38 3,000 13 Apr 40 4,400 27 Sep 38 5,140 22 Sep 38 29,000
Average Discharge 32 304 80 610
PEAK FLOWS
riest Brook Millers River East Branch, Tully River Millers River
Near Winchendon, Mass. at South Rovalston, Mass. Near Athol, Mass. at Erving, Mass.
. Date c.f.s. ¢.s.m. bate c.f.s. c.s.m. Date c.f.s. ¢.s.m. - Date c.f.s. c.s.m.
21 Sep 38 3,000 155 13 Apr 40 - 4,400 24 21 Sep 38 ° 5,140 102 777 T 22 S€p" 38 29,000 . 78
18 Mar 36 1,840 95 25-26 Jun 44 2,830 15 18-19 Mar 36 3,700 73 19 Mar 36 19,700 53
4 Nov 27 1,000 52 10 Mar 42 2,630 14 4 Nov 27 1,970 39 13 Apr 40 7,000 19
6 Apr &0 740 38 22 Mar 48 2,540 13 13 Apr 40 1,650 33 28 Mar 20 6,020 16
ANNUAL RUNOFF
Priest Brook Millers River East Branch, Tully River Millers River
Near Winchendon, Mass. at _South Rayalston, Mass. Near Athol, Mass. at Erving, Mass.
.¢.f.5.  1nches ater Year c¢.f.s. 1inches Hater Year «c¢.f.s. 1inches Water Year c¢.f.s. 1inches Water Year
Mean 32 22.74 (53 Years) 3.04 22.10 (37 Years) a0 21.49 {54 Years) 610 22.18 (56 Years)
Maxdmum 55 39.86 1928 490 35.63 1960 140 38.10 1928 1,012 37.14 1938
Minimum 8.2 5.73 1965 102 7.38 1965 23 6.18 1965 196 7.08 1965
FLOOD ROUTING COEFFICIENTS Routing River Miles
Reach Coefficient Between Points
Birch Hill Dam to Main Street Bridge, Athal, Mass. 3/2 (3 br) 9.8
Tully Lake to Main Street Bridge, Athol, Mass. 3/1 (3 hr} 5.0
Main $treet Bridge, Athol, Mass. to
Main Street Bridge, Orange, Mass. - 5.0
Main Street Bridge, Athol, Mass. to
Mouth of Millers River 7/3 (3 hr) 18.6
Mouth of Millers River to Montague City, Mass. 3/1 (6 hr} 7.2
HIGH FLOW TRAVEL TIMES
* Total Hours From (am
Birch A1l Dam TuTTy Lake
Main Street Bridge, Athol, Mass. 4-5 2-3
Mouth of Millers River 13-15 11-13
Montague City, Mass. 16-19 14-17



PERTINENT DATA
BIRCH HILL DAM

LOCATION Millers River, Royalston, Massachusetts
DRAINAGE AREA 175 square miles
STORAGE USES Fload Control

RESERYQIR STORASE . Capacity
—_— Tnches on
Elevation Stage Area Acre-Feet Drainage Area
Ft ms1) i?ti (acres)
Inlet Elevation 815.0 0 o 2 0
Spillway Crest a52.0 37 3,200 49,500 5.3
Maximum Surcharge 859.0 44 4,000 76,000 8.1
Top of Dam 864.0 49
EMBANKMENT FEATURES
Type : Ralled earth fill, rock sTope protection, impervious core
Length (feet) 1,400
Yop Width [feet) .25
Top Elevation {ft ms)) 864.0
Maximum Height (feet) 56
Volume (cubic yards) 359,000
Dike . None
SPILLWAY
Location About 1,900-2,400 feet northwest of the dam
Type Uncontrolled, ogee weir, chute spiliways
Crest Length (feet) 1,190 feet (total} consisting of 810, 350 and 30 foet sections
Crest Elevation (ft ms1) 852.0
Maximum Surcharge {ft above crest) 7.0 {elevation 859 feet msl)
Maximum Discharge Capacity {cfs) 56,600
SPILLWAY DESIGN FLOOD
Driginal Design 1967
1940 Analysis
Peak Inflow {(cfs) 59,000 88,500
Peak Outfiow {cfs) 56,600 74,100
Volume Runcff {acra-feet) 193,000 159,500
DUTLET WORKS
Type 4 rectangular conduits, each 6'~0" wide x 12'-0" high
Tunnel Inside Size 6'-0" wide x 12*'-0" high
Tunnel Length (feet) 34
Service Gate Type Electrically operated gear-driven slide
Size Four 6'-0" wide x 12'-0" high
Emergency Gate Type Crane operated slide
Size One, 6'-0" wide x 12'-0" high
Dewnstream Channel Capacity (cfs) 2,800
Maximum Discharge Capacity
Spillway Crest Elevation {cfs) 10,500
S5ti11ing Basin None
LAND ACQUISITION
Fee Elevation [ft msi) 852
Fee (acres) 4,394
Easement (acres) 253
* Clearing Elevation (ft msl) None
MAXIMUM POOL OF RECORD
Date 8 April 1960
Stage (feet) 25.0
‘Elevation (ft ms1) 840.¢
Percent Full 40
UNIT RUNOFF _
One Inch Runoff {acre-feet) 9,335
DPERATING TIME
Open/Close All Gates Each gate at speed of about 1 foot per minute
PRGJECT €OST (THROUSK FY 71} $4,576 ,600
DATE OF COMPLETVION February 1942
MAINTAINED BY New England Division, Corps of Engineers

Recreation facilities operated and maintained by
Massachusetts Department of Natural Resources



PERTIKENT DATA
TOLLY LAKE

LOCATION East Branch Tully River, Royalston, Massachusetts

DRAINAGE AREA 50 square miles

STORASE USES Flood Control and Recreation

RESERVOTR STORAGE,

Elevation
t ms
Inlet Elevation 625.0
Winter Pool 636.0
Recreation Pool 641.0
Spillway Crest £68.0
Maximum Surcharge 678.8
Top of Dam 684.0

EMBANKMENT FERTURES

Type

Length {feet)

Top Width (feet)

Top Elevation {ft ms1)
Maximum Height (feet)
Volume {cubic yards)
Dike

SPILLWAY

Location

Type

Crest Length {feet)

Crest Elevation {ft msl)

Maximum Surcharge (ft above crest)
Maximum Discharge Capacity (cfs)

SPILLWAY DESIGN FLOOD

Peak Inflow {cfs)
Peak Outflow (cfs)
VoTume Runoff (acre-feat)

QUTLET WORKS

Type

Tunnel, Inside Diameter {ft)
Turne] Length (feet)

Service Gate Type

Size

Emergericy Gate Type

$ize

Downstream Channel Capacity [cfs)
Maximum Discharge Capacity
Spillway Crest (¢fs)

RECREATION POOL

Type of Structure

Recreation Pool Stage (feet)

Area (acres)

Shoretine Length (feet)
LAND ACQUISITION

Fee Elevation (ft ms1)

Fee (acres)

Easement Elevation (ft msi)

Easement {acres

Clearing Elevation (ft ms1)
HAXIMUM POOL RECORD

Date

Stage {feet)

Elevation {(ft ms1)

Percent Full
UNIT RUNOFF

One Inch Runoff {acréifeet)
OPERATING TIME

Open/Close A1l Gates
PROJECT COST (THROUGH FY 71)
DATE OF COMPLETION

MAINTAINED BY

Capacity’
Tnches on
Sta Area Acre-Feet Drainage Area
thg (acres)
0 0 0

11 78 525 2

16 300 1,500 0.6

43 1,130 20,500 {net; 7.7 {net;
53.8 1,360 13,800 (net 5.1 (net

Rolled earth fiil, rock sope protection, impervicus core

About BOD feet southeast of left abutment of dam
Uncontrolled, ogee weiy, chute, saddle $pillway

255
66870
10.8 (Elevation 678.8 feet ms1)
32,700
Original Design . 1967
1944 Analysis
40,000 47,000
32,700 39,000
47,900 44,300

One gircular tunnal
274 .
Electrically operated gear-driven slide
Two, 3'-6" wide x 6'0" high
Crane operated $1ide
One, 4'-0" wide x 10'0" high
825

1,030

None1époo1 level controlled by service gates)

300
32,000

668
1,300
668

4
641

8 Apri) 1960
32.3

657.3
51

2,665

Each gate at speed of about 1 foot per minute
$1,551,500

September 1949

New England Division, Corps of Engineers

Recreation facilities operated and maintained by
Massachusetts Department of Natural Resources
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MANUAL OF RESERVOIR REGULATION
: MILLERS RIVER WATERSHED
NEW HAMPSHIRE AND MASSACHUSETTS

CHAPTER I
INTRODUCTION

1. REGULATION MANUAL

a. Authorization. This report is prepared pursuant to authority
contained in ER 1110-2-240, dated "22 April 1970, Reservoir Regulation)
and EM 1110-2-3600, dated 25 May 1959, which requires that manuals of
reservoir regulation for flood control, navigation or multipurpose res-
ervoirs be prepared whenever storage allocated to one or more of the
functions is the responsibility of the Corps of Engineers. Requirements
given in the draft of "A Guide for Preparing Water Control Manuals for
Lakes, Reservoirs, Locks and Dams, Hurricane Barriers, Reregulating
Structures, Controlled Channels and Floodways, Office, Chief of Engi-
neers," January 1973, were followed in the preparation of this manual,

b. Purpose and scope. This manual will serve as a guide and ref-
erence source for higher authority, reservoir regulation and maintenance
personnel in the New England Division Office, respective project managers
and other personnel who may become concerned with, or responsiblie for,
regulation of the reservoirs in the Millers River watershed. Included
in the manual are the following chapters: ‘

: (1) Introduction. A brief history of flood problems and studies
which led to the authorization of the Millers River watershed flood con-
trol projects, including statistical data relative to population, in-
dustry and agriculture, and a description of the physical features of

all Corps projects.

(2) Management, A general description of the functional
responsibilities of the Corps in regard to regulation of the projects,
with a 1isting of all interagency coordinating agreements.

(3) Hydrometeorology. A general description of the watershed
and major tributaries, including topographic features and a general
coverage of the hydrologic and meteorologic data, i.e., temperature,
precipitation, snowfall, snow cover, storms, streamflow and floods.




(4) Communications. A brief description of the means of
reporting from field to office such as used by the project managers
during non-flood and flood periods, and of the river reporting net-
work and Automatic Hydrologic Radio Reporting System.

(5) Hydrologic Forecasts. A description of all forecasts
used by Reservoir Control Center personnel in regulating the projects
in the basin, inc]ud1ng precipitation forecasts from the National
Weather Serv1ce river predictions from the River Forecast Center at
Hartford and from the Corps.

(6) Reservoir Regulation. A detailed discussion of the reg-
ulation procedures and watershed fiood control plan for the two existing
flood control dams.

(7) Hydrologic Equipment. A brief resumé of hydrologic equip-
ment used and means of maintaining it.

¢. Related manuals. Routine operations and maintenance activities
at Birch Hill Dam and Tully Lake are performed by the project managers
under the supervision of the Reservoir Branch of the 0perat1ons Division
which prepared the following manuals.

(1) Birch Hi1l Dam. Birch Hi11 Dam, Operation and Maintenance
Manual, June 1972, was prepared by the Reservoir Branch of the Opera-
tions Division. The manual gives the essential operation and mainte-
nance instructions to operating personnel for the upkeep, repair,
maintenance and operation of project facilities.

{2) Tully Lake. Tully Lake, Operation and Maintenance Manual,
June 1972, was prepared by the Reservoir Branch of the Operations Div-
ision. The manual gives the essential operation and maintenance in-
structions to operating personnel for the upkeep, repaTr, maintenance
and operation of project facilities.

2. PROJECT DESCRIPTIONS

_ a. tLocation. The Millers River watershed (plate F-3) is located
in north-central Massachusetts with a small portion extending into
southwestern New Hampshire. Plates F-1 and F-2 show the upper and
Tower Connecticut River basin, respectively.

(1) Birch Hi1l Pam. The dam is located in Royalston, Mas-
sachusetts on the Millers River about 6 miles northeast of Athol,




and about 28.4 river miles above the confluence of the Millers and
Connecticut. The reservoir area at spillway crest lies in Worcester
County, Massachusetts, in the towns of Winchendon, Templeton and
Royalston.

(2) Tully Lake. The dam is also located in Royalston on the
East Branch Tully River, about 3 miles north of Athol, and 23.6 river
miles above the confluence of the Millers and Cmnecticut. The res-
ervoir area at spiliway crest Ties mostly in Royalston with a small
portion in Athol,

b. Purpose., Both Birch Hill Dam and Tully Lake are operated to
reduce flood stages at Athol, Orange and other communities on the Millers
River and, in conjunction with others in the reservoir system to reduce
downstream flood stages along the Connecticut River. 1In addition,

water based recreational activities are utilized at both projects.

c. Physical components.

(1} Birch Hill Dam. The important physical components shown on
plate F-57 consist of a rolled earth dam with a dumped rock shell,
chute spillway composed of three concrete ogee weirs, outlet works
and storage for flood control.

The dam embankment, about 1,400 feet in length and maximum height
of 56 feet above the streambed, consists of compacted earth fill with
an impervious core and rock slope protection and is shown on plate F-6.
The top of dam at elevation 864 feet ms1 provides 7 feet of spillway
surcharge and 5 feet of freeboard. The top width of 25 feet accommo-
dates a 20-foot paved access road and the embankment slopes vary from
Ton2tol onb.

The spi]]way consists of three concrete ogee weirs with a total
1ength of 1,190 feet. The main spiliway has a length of 810 feet and
is located in a natural saddle about 1,900 feet northwest of the dam.
One auxiliary spillway, 350 feet in 1ength, is located in a natural
saddle and the other, 30 feet long, is located in an abandoned rail-
road cut about 2,400 feet northwest of the dam. Plan, profile and
cross sections of the spillways are shown on plate F-7.

The outlet works at the right abutment of the dam consists of a
1,500-foot long intake channel, a gate structure with a gatehouse



directly above, and an out]et channel (1,150 feet in length. The out-

Tet works are controlled by four 6'-0" x 12'-0" electrically operated
slide gates. Plan and sections of the outlet works are shown on plate

F-8.

The resetrvoir, operated for flood control purposes, has a storage
capacity of 49,900 acre-feet, equivalent to 5.3 inches of runoff from
jts drainage area of 175 square miles. When filled to spiliway crest,
as shown on plate F-4, a 3,200-acre lake would be created with a maximum
depth of 37 feet.

A total of 4,394 acres of reservoir land has been acquired in fee;
it is comprised of the 82-acre Lake Denison, 200-acre Laké Dennison
camping area and 4,112 acres of wild upland forest. The Lake Dennison
recreation area, with facilities for boating, fishing, swimming, camping
and related outdoor sports is operated and administered by the Massa-
chusetts Department of Natural Resources, Division of Forests and Parks.
The remaining reservoir area is managel by the Massachusetts Division
of Fisheries and Game for public huntmg ard fishing.

(2) Tully Lake, The important physical components shown on
plate F-58 consist of a rolled earth dam with a dumped rock shell, a
chute spillway composed of a concrete ogee weir, outlet works and
storage capacity for flood control and recreation.

The dam embankment, about 1,570 feet in length and maximum height
of 62 feet above the streambed, consists of compacted earth fitl with
an impervious core and rock slope protection and is shown on plate F- 9,
The top of dam at elevation 684 feet ms1 provides 10.8 feet of spill-
way surcharge and 5.2 feet of freeboard. The top width of 30 feet
accommodates a 20-foot paved access road and the embankment slopes
vary from 1T on 2.5 to 1 on 8.

The spiliway, consists of a Tow concrete ogee weir, 255 feet long,
which is located in a saddle about 800 feet southeast of the left abutment
of the dam. The spillway approach channel is 600 feet in length and the
chute-type discharge chanmnel is 1,775 feet long. The plan, profile and
cross sections of the spillway are shown on plate F-10.

The outlet works at the east abutment of the dam consist of a
500-foot Tong intake channel, a gate structure with a gatehouse di-
rectly above, a 6-foot inside diameter concrete tunnel 274 feet long
through rock and an outlet channel 580 feet in length. The outlet



works are controlled by two 3'-6" x 6'-0" electrically operated slide
gates. Plan, profile and cross sections of the outlet works are
shown on plate F-11.

The reservoir has a total storage capacity of 22,000 acre-feet,
equivalent to 8.3 inches of runoff from its drainage area of 50 square
miles. Of this total capacity, 20,500 acre-feet (7.7 inches) is for
flood control and 1,500 acre-feet (0.6 inch) for a summer recreation
pool. The recreation pool is maintained at a depth of approximately
16 feet, creating a 300-acre pool, which is shown on plate F-5. It
is established each spring after snowmelt occurs and held until mid-
~ September when it is drawn down to about an 11-foot stage. At spill-

way crest a pool with a maximum depth of 43 feet and an area of 1,140
: ad&es would be created. A Ticense has been issued to the Massachusetts
Department of Natural Resources for recreation, fish and wildlife and
forestry management, and it is expected that the State will operate
and administer these facilities by the fall of 1975.

3. HISTORY OF PROJECTS

a. Authorization.

(1) Birch Hill Dam, This dam was authorized by the Flood
Control Act approved 22 June 1936 (Public Law No. 738, 74th Congress),
as amended by Public Law No. 111, 75th Congress, approved 25 May 1937
and further amended by Public Law No. 761, 75th Congress, approved
28 June 1938.

. (2) Tully Lake. This project was authorized by the Flood
Control Act approved 22 June 1936 (Public Law No. 738, 74th Congress),
as amended by Pubiic Law No. 111, 75th Congress, approved 25 May 1937
and further amended by Public Law No. 761, 75th Congress, approved
28 June 1938. Future power storage was authorized in a Tetter dated
16 November 1939 to the Secretary of War, where the Federal Power
Commission proposed a comprehensive plan for future power development
1? the Millers River watershed, with Tully Lake as one of the storage
sites. ' :

b. Construction,

(1) Birch Hi1l Dam. Construction was initiated in June 1940,
the project became operational in December 1941 and completed in Feb-
ruary 1942,




(2) Tully Lake. Construction was initiated in March 1947,
the project became operational in January 1949 and comp1eted in
September 1949

¢. Other Corps of Engineers project. The Gardner Local Protec-
tion Project, shown on plates F-12 thru F-19, primarily provides flood
protection to industrial and commercial firms in South Gardner on
Greenwood Brook downstream of Wrights Reservoir and on Mahoney Brook
downstream of Wayside Pond. The project was authorized by Section 205
of the 1948 Flood Control Act, as amended. Construction was started
in August 1964 and completed in October 1965 at a total cost of $528,900.
The city of Gardner operates and maintains the project which includes:

(1) Wrights Reservoir. The reconstruction of Wrights Dam,
which is the principal element of the project, consists of a 935-foot
long dam, 60-foot concrete spillway, 970-foot 1ong dike, a permanent
pool which is maintained by a small overflow weir, 27-inch ungated
outlet. The spillway crest at elevation 1,070 feet msl is 5.0 feet
above the weir crest. Between these two elevations, there are 850
acre-feet of flood control storage, equivalent to 5.1 inches of run-
off from the 3.2 square mile drainage area. In the summer months,
raising the reservoir level from 1,065 to 1,067 for recreational
purEoses, reduces the flood control storage to 560 acre-feet or 3.3
inches

(2) ways1de Pond consists of a control structure with dike
(320 feet) and 3 pipe culverts at Wayside Pond.

(3} Mahoney Pond - dikes (680 feet), sp111way (45 feet) on
Mahoney Pond.

(4) Widening, deepening and realigning critical areas along
700-foot section of Mahoney Brook downstream of Mahoney Pond.

‘ (5) Crib walls on Mahoney Brook at Chelsea Street,‘Qua1ity
Pad Company dam and the South Main Street railroad bridge.

(6) Removal of channel obstructions on Mahoney Brook at
Traverse Dam.

d. Modification to authorization.

(1) Birch Hill Dam. There are no modifications to authorized
project. '



(2) Tully Lake. Tully Lake was originally authorized for
flood control only. 1In May 1964, a request for approval of inclusion
of a conservation pool for recreational purposes in the flood controil
reservoir was made to the Chief of Engineers. This request was the
result of a combined planning effort of NED and the Massachusetts
Department of Natural Resources. Authorization was granted by a
letter from the Chief of Engineers, dated 15 July 1964, with the first
pool maintained during the summer of 1966.

The recreation pool is established following the spring snowmelt,
usually in April, and maintained until mid-September at elevation
641 feet ms1 (stage 16 feet). The pool is roughly circular in shape
with a diameter of about 4,100 feet, a water surface area of 300 acres,
and utilizes 1,500 acre-feet of storage (about 7 percent of the total
storage capacity of the reservoir). A winter pool is maintained at
elevation 636 feet msT (stage 11 feet) to prevent the flood control
gates from freezing.

e. Previous reports. House Document No. 455, 75th Congress, 2d
Sessijon, contains a report on survey and comprehensive plan for flood
control in the Connecticut River Valley dated 20 March 1937. Birch
Hi1l Dam and Tully Lake were included among the 20 reservoirs of the
comprehensive plan, which alsc recommended dikes at seven cities. The
report was prepared by the Corps of Engineers.

A "Review of Reports on Surveys of the Connecticut River and Trib-
utaries for Flood Control," 28 February 1940, revised 18 December 1944,
was prepared by the Corps of Engineers. Birch Hill Dam and Tully Lake
were included among the 29 reservoirs of the revised comprehensive plan
given in this report.

The New England-New York Interagency Committee prepared a report,
"The Resources of the New England-New York Region," dated March 1955
and printed in Senate Document 14, 85th Congress, 1st Session. This
report recommended a comprehensive flood control plan for the Con-
necticut River basin consisting of the completed local protection works,
the five existing reservoirs which incliuded Birch Hi1l Dam and Tully
Lake, and flood control storage in 21 additional reservoirs none of
which were in the Millers River watershed.

The Corps of Engineers' report, "New England Basins, Report on
Flood Control and Allied Purposes,” 30 June 1955, presented a compre-
hensive flood control plan for the Connecticut River basin essentially
the same as that given in the NENYIAC Report, March 1955.



The Gardner Local Protection Detailed Project Report was submit- -
ted 30 November 1962 to the Chief of Engineers for approval under
Section 205 of the 1949 Flood Control Act, as amended. It recommended
local flood protection for commercial and industrial firms in South
Gardner in the Millers River watershed, Massachusetts.

A Flood Plain Information Report, Millers River, Orange-Athol,
Massachusetts, authorized under Section 206, Public Law 86-645, was
requested by the Commonwealth of Massachusetts. The report, dated
June 1965, was prepared by Anderson-Nichols & Company, Inc., Consulting
Engineers, Boston, Massachusetts under the direction of NED.

The Comprehensive Water and Related Land Resources Investigation
Connecticut River Basin, June 1970, prepared by the Connecticut River
Basin Coordinating Comm1ttee recommended a basinwide flood control
plan and the structural measures consisted of 10 additional Corps of
Engineers reservoirs, modification of four existing Corps reservoirs
to include other water resource uses, 5 additional local protection
projects. Two of these recommendations, namely Gardner Dam and an
operational change at Tully Lake, are in the Millers watershed.

Gardner Dam would be located in Gardner on the Otter River about -
10.2 miles above its confluence with the Millers River. Its total
storage capacity would be 12,300 acre-feet, of which 9,500 acre-feet
would be utilized for Jow flow augmentation for water quality and
the remaining 3,000 acre-feet for a permanent conservation pool. How-
ever, this recommendation is currently inactive.

An operational change in Tully Lake was proposed to increase the
seasonal recreation pool established each spring after the spring run-
off and maintained until mid-September. The augmented recreation pool
would be maintained at elevation 649 feet msl1 {stage 24 feet), water
surface area of 650 acres and would utilize 5,100 acre-feet of storage
{about 23 percent of the total storage capacity of the reservoir}) to
supplement the water supply for the Metropolitan District Commission
of Boston. This proposal is also inactive. Several plans for the
diversion of water from the Millers River watershed to Quabbin Reser-
voir were aiso considered under the Connecticut Comprehensive Report.

f. Principal project problems.

(1) Birch Hi1l Dam. 1n 1966, repairs were made to the eroded
intake channel. Repairs consisted of removing, replacing and reshaping




‘riprap on the sides of the channel; earth excavation to create a
berm on the side slopes of the channel; and moving and installing
safety fencing around the top of the slope to the intake channel.
This work occurred over about a 550-foot length of channel.

Three of the four service gate stems (#1, 2 and 3) at Birch Hill
Dam were damaged on 2 February 1973 in attempting to operate the gates
during severe icing conditions. Gate stems #1 and 3 became severely
bent while stem #2 was severed. As of this writing, gates 1 and 4
are operational, and the replacement of all three damaged stems is
scheduled to begin in May 1974,

On 18 April 1973, approximately 300 cubic yards of rock fell from
the left side of the outlet channel about 200 feet downstream of the
gatehouse at Birch Hill Dam. This collapse resulted in a partial
blockage of the discharge channel. Remedial work, consisting of
using the rock to fill a depression located in the outiet channel,
approximately 400 feet downstream of the gatehouse, was completed
in October 1973.

(2) Tully Lake. In 1969, reservoir clearing to elevation
641 feet ms1 {stage 16 feet) was accomplished. This is the water
surface elevation of the seasonal recreation pool and the clearing
removed obstructions to swimming and boating.

The September 1969 inspection by the Corps revealed cavitation
in the outlet works tunnel. In the first monolith in the tunnel
downstream of the transition section there were about 50 square feet
of cavitation varying from 1 to 18 inches in depth., A contract to
remove the disintegrated concrete, place anchor bolts and patch the
concrete was awarded in June 1972 and completed in August 1972.

g. Current studies. The New England Division, Corps of Engi-
neers, is preparing a survey report for the North Atlantic Division,
Corps of Engineers, entitled, "Northeastern United States Water
Supply Study." One aspect of the recommended plan would divert water
from the Millers River watershed by withdrawals from the East Branch
Tully River and the main stem of the Millers River above Athol, Mas-
sachusetts. The project would include a morning glory-type inlet
structure just downstream of the existing Tully Lake outlet works on
the right bank of the discharge channel. Flows into the inlet chamber
would be controlled by three 8' x 8' high sluice gates. A 30' x 8'
high bascule gate would be located across the discharge channel




immediately downstream of the inlet chamber control gates. Raising
and lowering the bascule gate would vary the head, and therefore,

the discharge rate into the morning glory spillway. From the spill-
way flows would travel through an 8' diameter conduit to the Millers
River just upstream of Athol and then through a 10-foot diameter
conduit to Quabbin Reservoir. The Tully-Millers diversion plan is
shown on plate F-20, and the tunnel inlet structure plan and sections
are shown on plate F-21. The report is scheduled for completion and
submission to OCE by December 1974,

4. ECONOMY OF THE NATERSHEﬁ

a. General. The Millers River watershed encompasses several
small towns and cities, the Targest being Gardner, which registered
a popultation of 19,750 in 1970. The economy of the area has been
stable for many years, being bujlt around manufacturing. Several
manufacturing industries have been prevalent in this area, primarily
furniture and fixtures, metal working machinery and equ1pment, shoes,
sporting goods, toys and wood products.

In Gardner, 48.8 percent of ail persons employed in 1970 were
engaged in the manufacture of furniture and fixtures. The towns of
Templeton and Winchendon also have important furniture manufacturing
plants. Manufacturers of metal working machinery and equipment were
the Teading employers in Athol, the second largest town in the basin.

The town of Orange had 50 percent of its work force employed in the
production of special industrial machinery. The town of Royalston is
primarily an agricultural community with some dairying and fruit growing.

b. Population. In 1970, the population of the watershed was
52,900. This was a growth of only 2.7 percent during the past 10-
year period. This rate of growth is considerably less than the
national average which is about 1.3 percent per year. Population
movements for this area show a constant out-migration with growth
due oniy to the excess of births over deaths. Below is a table showing
the population for the major cities and towns in the basin area, all of
which are in Massachusetts.

Town or City 1950 1960 1970
Gardner 19,580 19,050 19,750
Athol . 11,550 11,640 11,190
Orange 5,900 6,150 6,100
Winchendon 6,590 6,240 6,640
Templeton 4,760 5,370 5,860
Erving 1,320 1,270 1,260
Royalston, Phillipston, Wendell 1,800 1,790 2,090
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c. Family income and employment. The median income for families
in the State of Massachusetts for 1969 was $11,449. The towns and
cities in the Millers basin were Tower than that for the State, with
Gardner only $9,919 and Athol, the second largest city, $10,015. These
figures are 8.5 and 7.6 percent, respectively, below the State level.

The breakdown of employment in the basin area is similar, with 32
percent of them employed as operators and laborers, and 19 percent in
the professional and managerial category. Only 8 percent of those
employed from each town are in the service industries.
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CHAPTER 11
MANAGEMENT

5. GENERAL

a. Project owner. Both Birch Hill Dam and Tully Lake are owned
by the Department of the Army, Corps of Engineers.

b. Operating agency. The New England Division is responsible
for the operation of both projects. Staffing on a normal work week,
Monday through Friday, is 0800 to 1630 hours, and from 0800 to 0900
on Saturday and Sunday, with the project managers living at the site.
During flood emergency conditions, the projects will be staffed on a
24-hour basis or as instructed by RCC for the duration of the emergency.

Recreation facilities at Lake Dennison are managed by the Massa-
chusetts Department of Natural Resources, which also holds a lease
for future development on the Tully Lake reservoir area.

. Regulating agency. The New England Division, Corps of Engi-
neers is responsible for the regulation of both projects.

6. FUNCTIONAL RESPONSIBILITIES

a. Corps of Engineers. The reservoir regulation activities of
the New England Division are performed by the Reservoir Control Center
(RCC), a section of the Water Control Branch. Administrative and
maintenance activities at Birch Hi1l and Tully are performed by the
project managers under supervision of the Reservoir Branch of the Oper-
ations Division. During reguiation periods the managers are responsible
to the Reservoir Control Center and report directly to the Center for
information and instructions.

The Water Control Branch of the Engineering Division is comprised
of three sections; namely, Reservoir Control Center,. Hydrologic Engi-
neering, Hydraulics and Water Quality. The RCC consists of a staff
of highly trained hydrologic engineers who devote full time to the
operation of reservoirs in New England. Members of the other sections
not only assist the RCC during routine and fiood operations, but alse
provide technical assistance to the Center as needed., An organization
chart for reservoir regulation in the New England Division is shown on
plate F-22.
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The RCC is divided into basin units, each responsible for receiv-
ing routine hydrologic and meteorologic reports and directing reser-
voir regulation within an assigned river basin. Personnel from RCC
and the other sections of the Water Control Branch are assigned to
these units. Each unit consists of a regulator in charge of the over-
all operation in the basin, and project regulators who receive reports
and issue instructions to individual dams either from NED headquarters
during working hours or from their homes during nonworking hours. When-
ever severe emergency conditions exist, the RCC staffs NED headquarters
and regulation units are organized to assure 24-hour operations as long
as necessary. .

b. Other agencies. There are no other Federal, State, county or
private agencies that have any responsibility in regulating the flood
control aspect of either Birch Hi1l Dam or Tully Lake.

7. INTER-AGENCY COORDINATION

a. Inter-Agency agreements. The Corps of Engineers has cooper-
ative working programs with the U.S. Geological Survey, the National
Weather Service and its River Forecast Center at Hartford, Connecticut.
The Corps uses the hydrologic and forecasting information from these
agencies in operating its flood control reservoirs in a manner to pro-
vide efficient protection for downstream communities.

b. Compacts. Congress, by the passage of Public Law 52, 83d
Congress, 6 June 1953, granted its consent and approval to an inter-
state compact, covering the Connecticut River Valley, that had been
previously ratified by the States of New Hampshire, Vermont, Massa-
chusetts and Connecticut. The principal purposes of the compact are:

(1) Assuring adeguate storage capacity for impounding waters
of the basin in the interest of flood control. Five dams, Union Vil-
Tage, Surry Mountain, Knightville, Tully and Birch Hill were in oper-
ation at the time the compact was instituted. These dams were endorsed
by the compact and included in the tax sharing clause. Twelve additional
Tocations were agreed upon for future tax reimbursement if they were
constructed.

{(2) A system of tax loss reimbursement was set up so that
the southern Connecticut River Basin states would share the tax loss
with the northern states from Federal acquisition of lands for any
flood control dam and reservoir built in the Connecticut River Valley.
A tabulation of this tax reimbursement is Tisted on the following page.

13



Recipient Percent Tax | Reimbursing

State Loss Reimbursed State
Vermont 40 Connecticut
Vermont 50 . Massachusetts
New Hampshire 40 _ Connecticut
New Hampshire 50 Massachusetts
Massachusetts 40 Connecticut

- {3) Providing a joint or common agency through which the
signatory states may effectively cooperate in accomplishing the ob-
jectives of flood control and water resources utilization in the basin.

The compact also provides for creation of a commission consisting
of three representatives from each of the four states with authority
to enter into contracts and agreements and to make such ongoing studies
and investigations as may be required in the interest of flood control
and in cooperation with Federal agencies.

c. News releases. It is the policy of the Corps of Engineers to
cooperate with the Tocal press and all other forms of news media. This
cooperation provides the local community with information regarding
the regulation of the Millers River projects.

The primary source of information regarding the regulation of the
projects is the Public Affairs Officer who is responsible for issuing
all communiqués to the press and news media.

Whenever project managers receive requests for information from
local news media and private citizens, the operator can give out in-
formation pertinent to his project. However, the operator will not

make any flood forecasts. Referrals should be made to RCC for addi-
tional information. '
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CHAPTER III
HYDROMETEOROLOGY

8. DESCRIPTION OF WATERSHED

The Millers River watershed, located in north-central Massachusetts
with a small section in southwestern New Hampshire, has a length of
about 33 miles and a maximum width of about 19 miles. The total 392
square mile drainage area includes 320 in Massachusetts and 72 in New
Hampshire. Generally, the watershed is hilly with Tow mountains in
the headwaters with many natural ponds and lakes scattered throughout
the area. Elevations vary from peaks of 1,880 feet on the northern
and eastern divides to 180 feet near the mouth of the Millers River.

The Millers has its confluence with the Connecticut River in Mas-
sachusetts, 126.2 river miles from the mouth of the Connecticut, 13.6
river miles downstream of the Ashuelot and 7.0 river miles upstream
of the Deerfield River. Its source is in Ashburnham, Massachusetts
at Lower Naukeag Lake and it flows in a general westerly direction
for about 45 miles through Winchendon, Athol and Orange to its con-
fluence with the Connecticut River. The upper reaches of the river
are fed by a number of small brooks flowing in a southerly direction
from the towns of Rindge and New Ipswich, New Hampshire. The Millers
River has a total fall of approximately 900 feet. Just upstream of
Birch Hi11 Dam there is a fairly flat gradient of the river for a
distance of 6 miles with a fall of about 15 feet. The only relatively
flat gradient of the Millers River downstream of Birch Hill Dam 1lies
between the Main Street bridges in Athol and Orange, a distance of
5 miles with a fall of about 5 feet. A watershed map and profile are
shown on plates F-3 and F-23, respectively.

The principal tributaries of the Millers River are the Otter and
Tully Rivers, with respective drainage areas of 60 and 74 square miles.

The Otter River has its source in Templeton, Massachusetts. It
flows in a meandering northwesterly direction for a distance of almost
4 mites forming the boundary line between the town of Templeton and
the city of Gardner, then continuing through the town of Baldwinville
and the Birch Hill reservoir area to its confluence with the Millers
River. The river falls about 100 feet in its Tength of 12.7 miles.
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The Tully River, formed by the confluence of its East and West
Branches, flows southerly 1.4 miles with a fall of about 5 feet, to
its juncture with the Millers River. The East Branch, with a total
length of 9.7 miles and a fall of about 160 feet, begins at the con-
fluence of Tully Brook (New Hampshire) and Falls Brook and flows in
a general southerly direction through the Tully reservoir area to
join the West Branch. The West Branch rises in Warwick, Massachusetts,
flows in a southeasterly direction through Sheomet Lake, and continues
in a southeasterly direction to join the East Branch - It has a length
of 9.5 miles with a fall of about 670 feet. .

9. CLIMATE AND RUNOFF

a. Precipitation. The mean annual precipitation over the water-
shed is about 41 inches, distributed fairly uniformly throughout the
year. Averade monthly precipitation at Winchendon, Massachusetts
varies from a minimum of 2.91 inches in February to a maximum of
3.87 inches in July. Extremes in monthly precipitation at Winchendon
vary from a minimum of 0.05 inches in March and October to a maximum
of 15.89 inches in September. Monthly precipitation records for four
stations in or near the watershed are listed in table F-1. The annual
precipitation records for the same stations are shown on plate F-24,

b. Temperature. The average annual temperature is about 47°
Fahrenheit EF). Average monthly temperatures vary widely throughout
the year. At Turners Falls, Massachusetts, temperatures vary from
about 23° in January to about 72° in July. Extremes range from a
lTow of -30° in February to a high of 104° in July. Table F-2 lists
the mean monthly and the absolute maximum and minimum temperatures
at three stations in the watershed.

c. Snow and snow cover. The mean annual snowfall is about 59
inches with about 50 percent of this amount occurring in January
and February. The variations of the average monthly snowfall at
four Tocations are given in table F~3. Snow surveys have been taken
in the watershed by the Corps since December 1948.. The locations of
these snow courses are shown on plate F-3 and pertinent data regarding
them are contained in table F-4. Water content in the snow cover
reaches a maximum about the middle of March and from 1950 to date
has averaged about 3.4 inches, with a maximum of 7.7 inches and a
minimum of no snow.

d. Storms. The three general types of storms occurring in the
Millers River watershed are continental, coastal and those associated
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TABLE F-1

MONTHLY PRECIPITATION
MILLERS RIVER WATERSHED
(Depth in Inches)

Winchendon, Mass, ‘Birch Hill Dam, Royalston, Mass,
Elevation 1020 feet msl Elevation 840 feet msl
77 Years of Record 22 Years of Record
Through 1970 Through 1970
Month Mean Maximum Minimum Mean Maximum Minimum
January 3.21 7.20 0.78 2,91 5.95 0.78
February 2.91 6.19 0.68 2,75 5.12 0. 88
March 3,48 8,52 0. 05 3,00 6,49 Q.85
April 3,38 6.85 0.72 3,17 5,04 0.77
May 3,35 7.24 0.75 3.07 6.67 0.93
June 3.85 12, GO 0.83 3.29 7.64 0.59
July 3,87 10,25 0,98 2.95 6,86 0.79
August 3.62 8,64 0.44 3.29 10,44 0.80
September 3.86 15, 89 0,32 3.02 7.73 0.64
October 3.05 8. 42 0, 05 2.78 7.07 0,47
November 3,66 8,31 0.79 3,87 7. 06 1, 32
December 3.45 9,80 0.58 3.42 5.99 0,76
ANNUAL 41,69 59.98 28.26 37.52 50,49 25,91
Tully Lake, Royalston, Mass, Turners Falls, Mass,
Elevation 685 feet msl Elevation 190 feet msl
21 Years of Record 71 Years of Record
Through 1970 Through 1970
Month Mean Maximum Minimum Mean Maximum Minimum
January 2.97 6,44 0,72 3.20 6,63 0.69
February 2.95 5.18 0. 99 2.75 6.22 0.51
March 3,26 . 6,99 1.23 3,35 8.10 0.22
April 3.54 5.30 1. 04 3.30 6. 04 0.57
May _ 3,42 7.21 1,34 3.56 T7.77 0.44
June 3.71 8.63 0.77 3,49 8.04 0,67
July 3.40 6.68 0. 86 3.70 i5. 39 0. 84
Aupgust 3.47 10.70 0. 95 3,61 12,11 0.65
September 3.29 7.75 0.79 3.60 12,94 0, 39
October 3,27 10,62 0.53 Z.84 8.55 0, 00
November 4,12 8.29 1,91 3,66 7.89 0.66
December 3.67 7.15 0. 84 3.26 7.92 0. 40
ANNUAL 41, 07 54,28 27.67 40, 32 55,18 27,66
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TABLE F-2

TEMPERATURE
MILLERS RIVER WATERSHED
[Degrees Fahrenheit)

BIRCH HILL DAM, ROYALSTON, MASS. TULLY LAKE, ROYALSTON, MASS. TURNERS FALLS, MASS.
22 Years of Record Through 1970 21 Years of Record Through 1970 74 Years of Record Through 1970
Absolute Absolute Absolute Absolute Absolute Absolute
Max1mum Minimum Maximum Minimum Maximum Minimum
Month Mean Recorded Recorded Mean Recarded Recorded Mean Recorded Recorded
January 22.1 62 -34 20.6 62 -29 _ 23.4 66 -27
February 24.0 64 -25 22.5 64 -27 24.3 65 -30
March 32.1 73 -18 31.7 75 -19 34.4 85 -21
Apriil 44.9 88 6 44.5 92 6 46,2 91 4
May 55.3 a2 20 54.8 96 22 57.9 96 24
June 64.6 97 29 64.4 98 30 66.9 103 31
July 68.8 96 36 68.9 100 37 Nn.7 104 36
August 66.6 99 30 66.6 99 30 69.3 103 3
September £9.2 93 20 58.8 100 22 62.1 99 25
October 49.5 a5 13 48.5 87 16 51.3 92 18
November 38.6 79 3 37.9 80 4 39.5 82 0
December 25.9 62 -25 24.7 62 =21 27.2 66 4 -24
ANNUAL 46.0 99 -34 45.3 100 -2% 47.9 104 : -30




MONTHLY SNOWFALL
MILLERS RIVER WATERSHED
{Depth in Inches)

BIRCH HILL DAM

WINCHENDON, MASS. ROYALSTON, MASS.
26 Years of Record Through 1960 22 Years of Record Through 19/0
e Percent L Percent
Month Mean of Annual - : Mean of Annual
January 15.6 26.5 15.2 22.4
February 14.4 - 24.5 18.0 26.5
March 11.7 19.9 14.5 21.4
April 3.0 5.1 2.5 3.7
May 0.1 0.2 0.2 0.3
June 0.0 0.0 0.0 ¢.0
July 0.0 0.0 0.0 0.0
August 0.0 0.0 0.0 0.0
September 0.0 0.0 0.0 0.0
October 0.1 0.2 0.3 0.4
November 3.5 5.9 3.1 4.5
December 10.4 17.7 14.1 20.8
ANNUAL 58.8 100.0 67.9 - 100.0
TULLY LAKE ‘ '
ROYALSTON, MASS, TURNERS FALLS, MASS,
2] Years of Record Through 1970 64 Years of Record Through 1963
Percent - Percent
Month Mean of Annual ' Mean of Annual
January 14.5 23.5 15.6 28.3
February 16.7 27.1 15.2 27.6
March 13.1 21.2. 9.1 16.5
April 1.6 2.6 2.1 3.8
May Trace 0.0 Trace 0.0
June 0.0 0.0 0.0 0.0
July 0.0 0.0 0.0 0.0
August 0.0 0.9 0.0 0.0
September 0.0 0.0 0.0 0.0
October Trace 0.0 Trace 0.0
November 2.8 « 6.6 2.7 4.9
December 12.9 21.0 10.4 18.9
ANNUAL : 61.6 100.0 55.1 100.0
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Course

Ashburhham, Mass.
Otter River, Mass.
Rindge, N.H.

Pequoig, Mass.

Birch Hi11 Dam, Mass.

Fitzwilliam, N.H.

South Royalston, Mass.

Tully Dam, Mass.

Richmond, Mass.

TABLE F-4

CORPS OF ENGINEERS
SNOW COURGE LOCATTONS

MILLERS RIVER WATERSHED
Elevation Latitude Longitude.
(Ft. msl) .
1,160 42°-38'-30" 71°-56'-00"
970 42°-32'-45"  72°-00'-30"
1,260 42°-44'-45"  72°-00'-30"
1,010 42°-39'-50"  72°-00'-35"
800 42°-37'-45"  72°-07'-30"
1,090 42°-46'-50"  72°-07'-45"
1,110 42°-38"'-35" 72°-09‘—20“
700 42°-38'-455 72°-13'-40"
1,200 42°-43"-20"
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72°-15'-50"

Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec

Dec

Period of

1948-To
1948-To
1948-To
1948-To
1948-To
1948-To
1948-To
1948-To
1948-To

Record

Date
Date
Date
Date
Date

Date |

Date
Date
Date




with thunderstorms which may be of local origin or the result of a
stationary front.. Continental storms originate ovér the western

or central part of the United States and move in a general easterly
and northeasterly direction. These storms may be rapidly moving
intense cyclones or of the stationary type. They are not limited

to any season or month, but follow one another at more or less regular
. Intervals with varying intensities throughout the year.

Tropical hurricanes are the most important of the coastal storms.
They originate either in the South Atlantic or in the Western Carib-
bean Sea and generally move in a westerly or northwesterly direction,
recurving to the north as they near the mainland, and then to the
northeast approaching New England. In general, hurricanes are likely
to occur during the months of July through October with greater inci-
dence in the months of August and September.

Coastal storms of an extratropical nature differ from the hurri-
canes principally as they originate along the eastern seaboard and
have less energy associated with them. These storms travel north-
ward along the coast, occurring most frequently during the autumn,
winter and spring months. Thunderstorms may be of local origin or
the frontal type associated with the summer months.

e. Runoff.

(1) Discharge records. There are nine USGS gaging stations
in the watershed ({Tocations are shown on plate F-3). The period of
record for these stations is listed on page i. A computed daily hydro-
graph for the Millers River at Birch Hil1l Dam (1916-1939) 4is shown on
plate F-25, while an observed daily hydrograph for East Branch Tully
River (1916-1943) is shown on plates F-26 and F-27.

(2) Streamflow data. The average annual runoff for the
56-year period of record through September 1970 on the Millers River
at Erving is 22.18 inches with a maximum of 37.14 inches in water
year 1938 and a minimum of 7.08 inches in water year 1965. The mean
annual runoff represents about 55 percent of the mean annual precip-
itation and about 50 percent of this runoff occurs in the spring
months of March, April and May. Discharges for the period of record
have varied from a maximum of 29,000 cfs on 22 September 1938 to a
minimum of practically no flow. The minimum average daily flow was
8 c¢fs on 6 September 1926 and the average annual flow is 610 cfs,
adjusted for change in contents in Birch Hi1l and Tully reservoirs.
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1916-1970 1940-1870

. - Average Maximum Minimum Average Maximum Minimum
Honth crs nches TFS Inches Crs Inches nches nches TFS  Inches
January 28.3 1.70 79.0 4.69 1.23 0.07 283 1.74 697 4,29 72 0.44
February . 2.1 1.32 81.7 4.39 5.30 0.29 287 1.61 773 4.30 78 0.45
March 75.9 3.78 199.0 12.22 13.6 0.81 531 3.27 1,043 6.43 152 0.93
April 96.3 5.60 °  225.0 12.9% 27.6 1.64 824 4.92 1,850 - 11.04 357 2.13
May 431 2.5% 91.9 5.46 12.8 0.76 435 2.68 an 5.37 150 0.92
June 26.6 1.45 107.0 6.35 2.5 0.15 253 1.51 631 3.77 51 0.30
July 11.9 0.1 62.5 .3.83 1.04 0.06 120 0.74 369 2.27 29 0.18
August 10.0 0.60 68.8 4,22 0.47 0.03 26 0.60 332 2.05 20 0.12
September 13.2 0.70 178.0 10.57 0.29 0.02 115 0.68 581 3.29 20 0.12
October 121 0.79 62.4 3.n 0.55 0.03 159 0.98 802 4.94 35 0.21
November 211 1.61 124.0 7.36 1.38 0.08 271 1.62 854 5.10 47 0.28
December 3.4 1.89 947  5.8] 4.67 0.29 284 1.75 643 3.96 94 0.58
Water Year 321 22.74 55.0 39.86 8.19 5.73 . 304 22.10 490 35.63 102 7.39
o EAST BRANCH TULLY RIVER MILLERS RIVER

m EAR ATHUL S. " AT ERVING, MASS. (1]}

DA =50.4°50. MI. {DA = 375 SQ. MI.)
-1916-1970 1914-1970
Average Maximum Minimum Average Maximum Minimum

Month CFS  Inches.  CFS = Inches CFS " Inches CFS  Inches CFS  Inches CFS Inches
January 72 1.66 - 186 4.30 10 0.23 574 1.77 1,331 4.09 83 0.26
February 65 1.35 171 3.54 14 0.30 547 1.54 1,494 4.15 132 0.37
March 158 363 525 12.11 42 0.97 1,133 3.50 3,988 12.45 356 1.09
April 227 5.04 - 528 11.70 . 80 1.77 1,590 4,75 3,584 ° 10,66 632 1.90
May 1M 2.54 - 247 -6.66 a4 0.95 823 2.54 1,650 5.07 287 0.88
June 62 7.38 - 244 5.42 7 0.15 ‘ 509 1.52 1,640 4,92 92 0.28
July 30 0.68 153 3.52 4 0.09 298 0.92 1,118 3.48 60 0.18
August 26 0.54 188 4.32 1 0.02 234 0.72 1,050 3.25 43 0.13
September 23 0.84 388 8.68 1 0.01 277 0.83 3,0 9.4 43 0.13
October 30 - 0.70 121 2.78 1 .03 279 0.86 1,292 3.97 74 0,23
November 69 - 1.52 269 5,98 T4 0.08 482 1.44 1,620 4.85 80 0.24
December - 79 1.81 239 5.49 13 0.30 578 1.79 - 1,540 4.78 . 82 0.26
Water Year 80  21.49 6.18 610 22.18 1,012 37.14 196 7.08

TABLE F-5

MONTHLY RUNOFF
MILLERS RIVER WATERSHED

PRIEST BROOK .
NEAR WINGHENDON, MASS.
(DA = 193750, ML)

MILLERS RIVER
AT _SOUTH ROVALSTON, MASS.(T)
- (DA =187 5Q. MI.} .

140 - 38.10 23

{1) Runoff adjusted for change in contents in
reservoir storage at Birch Hil1l Dam and/or
Tully Lake.




A summary of the maximum, minimum and average monthly and the aver-

age annual runoff for four selected USGS gaging stations are shown

on table F-5. The annual runoff values for each of these stations

are listed on plate F-28. A summary of runoff data for the four sta-
tions is shown on the pertinent data sheet of hydrologic information.
Rating tables for the USGS gage at Montague City, Erving, South Royalston
and East Branch Tully River are shown on plates F-29 through F-33.

f. Frequency analysis.

(1) Peak discharge freguency. The natural frequency of occur-
rence of discharges was determined for selected U.S. Geological Survey
gaging stations in the Millers River watershed and is shown in table
F-6. Frequency analyses were made in accordance with procedures in
ER 1110-2-1450, "Hydrologic Frequency Estimates," dated 10 October
1962. Following a regional frequency analysis, a skew coefficient of
1.0 was adopted for all tributaries of the Connecticut River.

TABLE F-6
NATURAL PEAK DISCHARGE FREQUENCY DATA
{cfs)
Expected Recurrence Millers R. Millers R, East Branch
ProbabiTity Interval at near Tully River
Percent Chance Years Erving Winchendon near Athol
0.50 200 26,000 7,200 5,900
1.0 100 20,200 5,700 4,400
2.0 50 15,900 4,400 3,300
5.0 20 11,000 3,000 2,300
10.0 10 8,500 2,300 1,600
20.0 5 6,500 1,800 1,200
50.0 2 4,400 1,200 700
99.0 1 3,200 1,000 400

(2) Frequency of reservoir filling. The pool stage at Birch
Hi11 Dam has equalied or exceeded 10 feet, which is about 7 percent
of total flood control storage capacity, 36 times from the beginning
of operations in December 1941 through December 1973.
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The pool stage at Tully Lake has equalled or exceeded 18 feet,
which is about 7 percent of total flood control storage capacity,
25 times from the beginning of operations in January 1949 through
December 1973. A tabulation of these operations, with the amount
of floodwaters stored, is given in tables F-7 and F-8, The area-
capacity table and area-capacity and percent full curves are shown
on plates F-34, F-35 and F-36 for Birch Hill Dam and on plates F-37,
F-38 and F-39 for Tully Lake.

10. CHANNEL AND FLOODWAY

The non-growing season safe channel capacity just downstream
of Birch Hill Dam on the Millers River is approximately 2,800 cfs
and just below Tully Lake on the East Branch of the Tully River,
about 800 cfs, during the growing season these values drop to about
2,000 and 650 cfs, respectively.

Principal damage centers in the watershed during past floods
have been at Athol and Orange, both important manufacturing centers.
The most important Millers River index station is the staff gage at
the Main Street bridge in Athol (280 square miles). Another index
staff gage is located in Orange just upstream of the Main Street
bridge {316 square miles).

Regulation to protect Athol, with its relatively small channel
capacity of 3,100 ¢fs (11 csm), will also maintain flows well within
banks in Orarige and all other downstream locations on the Millers River.

A large agricultural field just upstream of the Main Street bridge
in Athol is flooded nearly every spring. Regulation procedures should

try and prevent the cornfield from being flooded during the summer
growing season.

Releases from Birch Hill Dam and Tully Lake, up to channel capac-
ities just below these dams, should be made once a year, conditions
permitting, such as reservoir inflows and river stage in Athol.

11. FLOODS OF RECORD

a. General. Flooding in the Millers River watershed can occur
at any time of the year. The floods of November 1927 and September
1938 were caused by heavy rainfall, while the events of March 1936
and April 1960 were caused by heavy rainfall, warm weather and con-
siderable snowmelt.
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Date

1943
1944
1947
1948
1949

1950
1957
1952
1953
1954

1954
1955
1955
1955
1956

1956
1958
1959
1959
1959

1960
1960
1962
1963
1964

1967

1967

1968
1969
1970

1972
1973
1973
1973
1973
1973
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TABLE F-7

SIGNIFICANT RESERVOIR OPERATIONS AT BIRCH HILL DAM

Nov
Jun
Feb
Mar
Jan

Nov
Apr
Apr
Mar
Apr

Sep
Aug
Oct
Nov
Jan

May
Apr
Apr
Oct
Nov

Apr
Sep
Apr
Apr
Apr

Apr
May
Mar
Apr
Apr

Apr
Feb
Mar
Apr
Jul
Dec

DECEMBER 1941-DECEMBER 1973

Maximum

ety

12.
14.
12.
20.
12.

11.
15.
11.
19.
12.

Note:

WM ;0D ot L Roe BN B

WAoo

- - - - -
RO~ WM D MNW

O OO !, WO OO

No winter pool maintained.
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Total Reservoir
Storage Utilized

Acre-Feet Percent Total
4,550 9
6,150 12
5,190 10

12,680 25
4,790 10
4,225 8
6,950 14
3,900 8

11,150 22
5,030 10
3,965 8

. 5,910 12

12,150 24
4,550 9
8,515 17

10,910 22
5,750 12
6,310 13
4,485 9
4,225 8

20,400 41
4,030 8
9,260 19
7,040 14
4,420 9
3,965 8
4,095 8

13,5900 28

16,100 32
3,900 8
5,750 12
4,790 10
3,560 8
3,620 8
6,900 14
9,020 18



TABLE F-8

SIGNIFICANT RESERVOIR OPERATIONS AT TULLY LAKE
JANUARY 1949-DECEMBER 1973

Maximum Flood Control .
Date Stage Storage Utilized
(feet) Acre-Feet Percent

1951 6 Apr 21.3 3,050 14
1953 27 Jan 18.9 1,900 g
1953 31 Mar 24.7 4,920 23
1956 14 Jan 18.4 1,680 8
1956 5 May 26,1 . 5,770 27
1959 5 Apr 18.2 1,590 7
1959 27 Oct 20.0 2,400 11
1959 30 Nov 18.8 1,860 - 9
1960 9 Apr 32.3 10,670 50
1962 9 Apr 21.8 3,300 15
1963 7 Apr 20.5 2,650 12
1964 29 Jan 19.0 1,950 _ 9
1964 18 Apr 20.0 2,400 11
1966 28 Mar 19.4 2,130 10
1967 21 Apr 19.3 2,080 10
1967 29 May 22.4 3,620 17
1968 26 Mar 24.7 4,920 . 23
1969 25 Apr 24.2 4,620 22
1969 9 Nov 19.5 2,180 10
1970 10 Apr 20.3 2,550 12
T T L (See note below)
1972 24 Apr 23.6 4,280 20
1973 6 Feb 19.5 2,180 10
1973 19 Mar 20.0 2,400 _ 11
1973 3 Jul 18.7 2,500 ' 9
1973 24 Dec 21.3 3,050 14

Notes: A winter pool with a 10 to 12 foot stage is maintained.
In May 1971, a 16-foot stage recreation pool was established

with 1,500 acre-feet of storage which is equal to 7 percent
of total storage capacity.
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b. Historic floods. The flood history of the Millers River
watershed extends back to the first settlers, about 300 years. In-
formation regarding a number of the most severe floods in this area
was obtained through field investigations and research of published
U.S. Geological Survey data and newspaper accounts. Following is a
1ist of known historic floods:

Year Month Year Month
1801 March 1869 October
1824 February 1878 December
1841 January 1887 July
1843 March 1895 April
1846 March 1896 March
1854 May 1900 February
1862 April

The order of magnitude of these floods is not known; however,
they were all smaller than the September 1938 flood, which is the
maximum of record.

c. Recent floods. 1In recent years, four significant floods
have been experienced in the Millers River watershed. These floods
occurred in November 1927, March 1936, September 1938 and April 1960.
Flood information for these events at selected locations in the water-
shed are given on page i.

(1) November 1927 flood. A tropical storm formed over the
Caribbean late in October 1927, started northward 1 November and was
at the lower end of Chesapeake Bay by 3 November. The storm followed
a path over western Massachusetts and Vermont, and caused the great-
est flooding on the Vermont tributaries of the Connecticut River, with
serious flooding in New Hampshire and the western tributaries of Mas-
sachusetts. Storm rainfall, 2-4 November, at Fitchburg, Winchendon
and Turners Falls, Massachusetts was 5.3, 4.0 and 4.5 inches, respectively.
The 24-hour rainfall at these three stations was 5.1, 3.6 and 3.5 inches,
respectively. Peak flows during this storm at Priest Brook near
Winchendon, East Branch Tully River near Athol and Millers River at
Erving were 56, 39 and 17 c¢fs per square mile of drainage area (csm),
respectively. - The total volume of runoff at the Erving gage for the
period 3-10 November was 2.4 inches.

(2} March 1936 flood. After the first week of March 1936,
temperatures in New England became unseasonably warm and continued
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so for the remainder of the month. The snow cover in the upper and
central parts of the Connecticut River basin was above average as
1ittie thawing had occurred in January and February. During the

period 9-22 March, three storm centers passed over New England, with
heavy rainfall on 11-12 and on 17-18 March. The total storm rain-

fall at Fitchburg, Winchendon and Turners Falls was 9.17, 6.6 and

5.9 inches, respectively. The water equivalent of the snowmelt dur-
ing this period was estimated at about 5 inches. Peak flows during
this storm at Priest Brook near Winchendon, East Branch Tully River
near Athol and Mjllers River at Erving were 95, 73 and 53 csm,
respectively. Approximately 12 inches of runoff occurred in the

basin during the last three weeks of March. At the Main Street bridge
in Athol, the Millers River reached a peak elevation equivalent to

15.9 feet on the present staff gage. The Conmnecticut River at Hartford
crested at 37.6 feet, which is the greatest flood in over 300 years of
record. On the Connecticut River, from the vicinity of Fifteenmile
Falls to its mouth, all previously known flood discharges were exceeded
except in that part of the river just downstream of White River Junction,
Vermont where the peak was less than that of the November 1927 flood.
Plate F-40 shows the natural flood hydrograph and the hydrograph as
modified by both reservoirs at the Main Street staff gage and at the
Millers River gage at Erving, Massachusetts.

(3) September 1938 flood. The flood of record in the Millers
River watershed occurred in September 1938, when after a week of ante-
cedent rainfall, a major hurricane traveled northward through the Con-
necticut River valley on 21 September. Storm rainfall, 17-21 September,
at Fitchburg, Winchendon and Turners Falls was 8.6, 13.0 and 10.7 inches,
respectively. Peak flows during this storm at the Millers River near
Winchendon, Priest Brook near Winchendon, East Branch Tully River near
Athol and Milliers River at Erving were 102, 155, 102 and 78 c¢sm. In
the period 20-25 September, more than 7 inches of runoff occurred
throughout the basin. This was the second largest flood on the Tower
Connecticut River and the greatest of record on many tributaries in
the central and lower portions of the basin. At the Main Street bridge
in Athol the river reached a peak stage of 20.8 feet on the staff gage.
The flood crested at 35.4 feet at Hartford, which was the second highest
of record. Plate F-41 shows the natural flood hydrograph and the hydro-
graph as modified by both reservoirs at the Main Street gage in Athol
and at the Millers River gage at Erving, Massachusetts.

(4) April 1960 flood. At the end of March 1960 there was
heavy snow cover in the headwater areas of the major river basins in
New England due to heavy March snowfall and unusually cold temperatures.
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Warm weather, moderate rainfall and melting snow occurred from 30 March
to 6 April. On 4-6 April, rainfall at Fitchburg, Winchendon and Turners
Falis was 1.8, 2.2 and 2.5 inches, respectively. These hydrologic con-
ditions resuited in basinwide flood conditions and Birch Hi1l Dam and
Tully Lake reached 40 and 51 percent of their respective flood control
storage capac1t1es Stages on the Connecticut River were the highest

in Connecticut since 1955 and among the h1ghest from Massachusetts
northward since 1938.

12. ANALYSIS OF FLOODS

a. Millers River. Floodflows and precipitation records were
analyzed to determine the runoff characteristics of the Millers River
watershed such as: time of year when floods may occur, éffect of top-
ography, relative timing and flood peak contributions at downstream
damage centers on the Millers and Connecticut Rivers. The analysis
resulted in the following conclusions:

(1} The Millers River watershed responds quickly to periods
of intense rainfall which may occur in any month and as a result, there
is no flood-free season of the year.

(2) The spring snowmelt is not of damaging magnitude unless
augmented by rainfall.

(3) Although there are a number of moderate to steep slopes
throughout the basin, a large number of Takes, ponds and swampy areas
result in runoff characteristics that are considered moderate.

The principal flood-producing tributaries in the watershed are
the Otter and Tuily Rivers. Larger brooks feeding directly into the
Millers River, such as Tarbell, Priest, Lake Rohunta, Orcutt and Moss,
also contribute to floods. Many lakes and ponds scattered throughout
the watershed add significant amounts of natural storage. Approximate
high flow travel times and flood rout1ng coefficients for reaches of
the Millers River are shown on page 1.

b. Connecticut River. Flooding along the Connecticut River is
caused by excessive rainfall, melting snow or a combination of both.
Analyses of floods of record reveal that Connecticut River floods have
generally originated in one of the following manners: (1) as a gen-
eral basinwide flood, usually with snowme]t, (2) in the northern portion
upstream of White vaer Junction, (3) in the central portion between
White River Junction and Montague City, and {4) in the southern portion
downstream of Montague City. The November 1927 event occurred in the

29



central and upper portions of the basin, the March 1936 flood was basin-
wide, the September 1938 flood originated in the Tower and central portions
of the basin, the flood of August 1955 was a lower basin event, and the
April 1960 event was caused by considerable rainfall and snowmelt through-
out the basin.

c¢. Ice jam flooding. During the spring runoff period consider-
ation should be given to possible ice jam flooding in the vicinity of
the Athol! Manufacturing Company, Union Twist Drill Company and Star-
rett Company dams, Main Street bridge and the Daniel Shays Highway
(U.S. Route 202) bridge in Athol. These Tocations have not experienced
any major flooding due to ice jams in recent years. However, minor
flooding may be expected during the annual spring runoff.

13. DESIGN FLOODS

a. Spillway design flood.

(1) Birch Hill design criteria. As presented in the "Analysis
of Design,” 1940, a maximum predicted storm in the Birch Hill watershed,
based on a New England rainfall study, was developed by the National
Weather Service in conjunction with OCE. The computed spillway flood
was determined by applying the unit hydrograph, derived from the com-
posite September 1938 flood of record, to the maximum predicted storm.

The most severe possible conditions were assumed in the deriva-
tion of the computed spiliway flood and a factor of safety of 1.35
applied to determine the spillway design flood. The ordinates of
discharge of the computed spillway fleod hydrograph were increased
by 1.35 without changing the storm duration. Thus, peak discharge
and volume were increased 35 percent while the storm period remained
unchanged.

Total spililway design storm rainfall, 24-hour duration, was 22.28
inches (infiltration - 1.20 inches and rainfall excess - 21.08 inches).
The reservoir inflow and outfiow peaks were 59,000 and 56,600 cfs,
respectively, for the spillway design flood.

Spillway design reqguirements included: pool at spiliway crest
at start of spillway design fiood, gates closed during entire flood
period and maximum wave heights occurring at time of maximum spillway
discharge.

(2) Birch Hill 1974 criteria. Pursuant to the .authority con-
tained in Public Law 91-611, 91st Congress, Section 216, dated
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31 December 1970, a review is being made of the spillway design and
real estate acquisitions at Selected older dams and lakes in the New
England Division to determine whether they conform adequately with
current policies and criteria with respect to safety and functional
reliability. The report on Birch Hill was completed in March 1974,
including a determination of the adequacy of spillway discharge
capacities and freeboard allowances. A summary of original and 1974
hydrologic design criteria for Birch Hill Dam is given in table F-9.
The maximum surcharge elevation, as computed according to the 1974
criteria, is 1.4 feet lower than that given by the original and design
criteria and therefore meets the safety requirements for freeboard needs.

(3) Tully design criteria. The "Revised Analysis of Design,"
October 1944, presents the design criteria for Tully Lake. The com-
puted spillway flood is based on Engineer Bulletin No. 9 which defines
it as "the flood computed by means of the forecast worst storm, the
highest runoff factors and the worst runoff-producing combinations for
the drainage area in question." The forecast worst storm is that which
will occur without snow cover. It will produce higher rates of flood
discharge than the maximum rainfall combined with snowmelt. This was
confirmed by computation. The forecast worst storm, 36-hour duration,
as determined from Hydrometeorological Report No. 1, has a total rain-
fall of 19.1 inches (infiltration - 1.5 inches and rainfail excess ~
17.6 inches}. The computed spillway flood was determined by applying
the adopted unit hydrographs to the rainfall excess of the maximum
possible storm without snow cover and adding a base flow of 100 cfs.

The spiliway design flood was established by increasing the peak
rate of discharge of the computed spiliway flood by 50 percent {as a
factor of safety) with volume unchanged.

The reservoir inflow hydrograph was obtained by reverse-routing
the spiliway design flood at the damsite through valley storage in
the reservoir below the spillway crest. The peak inflow is 40,000 cfs.

Spiltlway design requirements included: reservoir filled to spill-
way crest at start of spillway design flood, gates closed throughout
flood period and maximum wind and wave action occurring at time of
maximum surcharge.

(4) Tully 1974 criteria. Tully Lake was included in the
review of design features of existing dams, and the report completed
in January 1974. A summary of the original and 1974 hydrologic design
for Tully Lake is presented in table F-9. The maximum surcharge
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A

TABLE F-9

SPILLWAY DESIGN CRITERIA
BIRCH HILL DAM AND TULLY LAKE

Birch Hil1l Dam

Design 1974
Item Criteria Criteria
SPILLWAY DESIGN STORM
Basis of Design U.S.W.B. HR No. 33
Storm Duration (hrs) 24 24
Total Volume of Rainfall (in) 22.28 20.3
Total Losses (in) 1.2 1.6
UNIT HYDROGRAPH
Unit Rainfall Duration (hrs) 6 3
Peak Flows (cfs) 2,700 4,850
SPILLWAY DESIGN FLOOD '
Peak Inflow to Reservoir {cfs) 59,000 102,000
Peak Outflow (cfs) . 56,600 93,500
Volume of Runoff (acre-feet) 193,000 174,000
SPILLWAY DESIGN FLOOD RESERVOIR
REGULATION PLAN
Initial Pool Elevation (ft ms1) 852(2) ga2(3)
QutTet Facilities during Flood Closed Operable
Maximum Surcharge Elev. (ft msl1) 859 857.6
FREEBOARD CHARACTERISTICS :
Design Wind Velocity (mph) 60
Effective Fetch (miles) 2.25
Average Depth (ft)
Wave Runup {ft) 4.5
Wind Tide (ft) 0.4
Adopted Freeboard (ft) 5.0 5.0

} For 38 square miles, remaining 12 not considered significant.

(

(1

EZ) Pool initially full to spillway crest elevation.
3

) Pool initially one-half full to spillway crest elevation.

Tully Lake

Design 1974
Criteria Criteria
HR No. 1 HR No. 33
36 24
19.1 20.3

1.5 1.6
3 3 :
3,400 1,860(1)
40,000 36,600
32,700 31,000
41,900 50,000
g68(2) 658(3)
Closed Operable
678.8 676.7

60

2.4

50

4.9

0.2

5.2 5.0



elevation, as computed according to the 1974 criteria, is 3.1 feet
Tower than that given in the original design criteria and therefore
meets all safety requirements for freeboard.

b. Standard project flood. This design flood was not developed
for the 1940 Birch Hill Analysis of Design nor for the 1944 Tully
Revised Analysis of Design. However, two standard project floods (SPF)
were developéd as demonstration floods in the watershed. The first .
measured the effectiveness of the Gardner Local Protection Project,
Wrights Reservoir improvements while the second was developed for
the Millers River Flood Plain Information Technical Report for Orange
and Athol, Massachusetts.

14. FLOOD DAMAGES

a. Flood of September 1938. This record flood caused damages
of $7,340,000 in the MilTers River basin. The Tosses were widespread
along the entire main stem of the river with industrial losses in
Athol, Orange, Irving and Millers Falls and railroad and highway Tosses
accounting for 86 percent of the total. The economy of the basin was
paralyzed for months.

b. 'Recurring losses. Losses at the record flood levels of Sep-
tember 1938 would amount to $19.7 million under 1973 conditions. Oper-
ation of Birch Hill Dam and Tully lLake would reduce losses in a recur-
rence of 1938 floodflows by almost 90 percent. For lesser floods the

dams provide a high degree of protection to the communities of Athol,
Orange, Irving and Millers Falls.

15.  DROUGHTS

a. General. The Millers River watershed lies within the general
zone c¢lassified as humid, where the average annual precipitation is
- distributed reasonably well throughout the year. In National Weather
Service terminology, a drought is considered to be a period of 14 or
more days in which less than 0.1 inch of precipitation falls in a
48-hour period. To the agriculturist, a drought is a lack of soil
moisture during the growing season. Hydrologically, a drought is
defined as a prolonged period of precipitation deficiency which seri-
ously affects riverflow as well as surface and ground water supplies.
Periods of deficient precipitation and runoff have occurred in the
watershed.

b. History. The drought history in the watershed extends back
more than 100 years. Several periods of below average precipitation

33



have occurred prior to 1960, although none have caused a serious im-
pact on the water needs of the area due to the sparse population and
lack of industry in the region. The most notable bf these occurred

in 1880 to 1883, 1894, 1930, 1941 and 1949.

c. Drought of 1961-1966. The Tongest and most severe drought
in the history of the Connecticut River basin is the one of 1961-
1966. During this period, the cumulative precipitation deficiencies
at Winchendon and Turners Falls were 36.1 and 40.9 inches, respec-
tively, which are 86 and 102 percent of the average annual precipi-
tation. The cumulative runoff deficiencies for water years 1961-1966
at Millers River at South Royalston, East Branch Tully River near
Athol and Millers River at Erving, were 34.0, 48.2 and 44.3 1inches,
respectively, which are 153, 224 and 200 percent of the average annual
runoff. Rarely is a deficiency of ground water carried over from one
growing season to the next in New England, since it is replenished
during each spring runoff. However, this condition occurred in the
winter of 1964-1965 and resulted in a record low flow runoff at Millers
River at South Roylaston, East Branch Tully River near Athol and
Millers River at Erving of 7.4, 6.2 and 7.1 inches, respectively,
in water year 1965, which are 33, 29 and 32 percent of the average
yearly runoff (refer to plate F-28).
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CHAPTER IV
COMMUNICATIONS

16. GENERAL

A1l communications between the project manager and RCC are made
via the NED radio network during normal work hours or when NED head-
quarters are otherwise manned. Whenever the radio network is inop-
erative, communications are made by telephone. During nonwork hours,
reports and regulation instructions are issued by telephone to or
from the homes of RCC personnel. In the event of failure of the NED
radio network and telephone service, emergency communications will
be attempted through the State Police or Civil Defense radio facili-
ties. In addition, radios located in the Automatic Hydrologic Radio
Reporting Network facilities in the field are tied directly to the
RCC computer room serving as a backup system for normal radio com-
munication.

17. . PRECIPITATION REPORTING NETWORK

Reports of precipitation data from the Millers River watershed
are used primarily for the purpose of alerting regulation personnel
and of providing a basis for appraising the severity of the storm.
The collection and reporting of precipitation data from Birch Hill
Dam and Tully Lake is the responsibility of the project managers.
The managers also receive calls from observers in the watershed.

The Reservoir Control Center periodically reviews network ar-
rangements to insure that an adequate reporting network is main-
tained. The River Forecast Center in Hartford, Connecticut receijves
precipitation reports from observers in and near the Millers River
watershed, which are made available to RCC upon request. 1In addi-
tion, cooperative reporting procedures from all Corps dams have been
established with the River Forecast Center and have been detailed in
separate memos to each project manager. Locations of the NED and the
National Weather Service precipitation stations are shown on plate F-3.

18.  RIVER REPORTING NETWORK

a. General. A network of river stage observation stations,
which is part of an overall river reporting system for the Connecticut
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River basin has been established. This network assists in the execu-
tion of the reservoir regulation plan by permitting personnel in RCC
or at the dams to obtain river stages at selected key index stations
located either on tributaries or on the Connecticut River.

b. River reporting system. The river reporting system in the
Millers River watershed consists principally of the following sta-
tions, listed in downstream order: (1) the staff gage at the Main
Street bridge at Athol, (2) the staff gage located just upstream of
the Main Street bridge in Orange and (3) the USGS recording gage at
Erving. The locations of these stations are indicated on plate F-3.
These observations are obtained by the project managers. The Montague
City and Springfield telemarks on the Connecticut River are also used
in the river reporting system. Complete information concerning other
key locations along the Connecticut River and its tributaries are
obtained from other project managers of flood control projects and
the River Forecast Center.

19. AUTOMATIC HYDROLOGIC RADIGC REPORTING NETWORK

The effective regulation of flood control projects in New England,
consisting of 35 flood control dams and 4 hurricane barriers, requires
a reliable and rapid method of collecting and coordinating hydrologic
data by the Reservoir Control Center. In January 1970, the installa-
tion of an Automatic Hydrologic Radio Reporting Network was completed.

Radio gaging stations have been estabiished at the following
locations in the Connecticut River basin:

Passumpsic River at Passumpsic, Vermont
Connecticut River at Wells River, Vermont

White River at West Hartford, Vermont

Connecticut River at White River Junction, Vermont
Connecticut River at North Walpole, New Hampshire

Deerfield River at West Deerfield, Massachusetts
Connecticut River at Montague City, Massachusetts
Conant Brook at Monson, Massachusetts

Chicopee River at Indian Orchard, Massachusetts
Westfield River at Westfield, Massachusetts

Connecticut River at Springfield, Massachusetts
Mad River Lake at Winchester, Connecticut '
Farmington River at Collinsville, Connecticut
Farmington River at Rainbow, Connecticut
Connecticut River at Hartford, Connecticut
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Details of the computer controlled radio hydrologic reporting
network are covered in the "Guidance Memorandum, Reservoir Control
Center," dated September 1971 and will alsoc be covered in the "Con-
necticut River Master Manual of Reservoir Regulation."

20. REPORTS

a. Weekly reports. The project manager makes a routine report
by radio (or telephone) to RCC each Friday morning. This report
insures continuous contact between the operating personnel and the
RCC and also serves as a check on the communications network. The
- report includes the preceding 24-hour precipitation, current weather
conditions, reservoir pool stage, regulation data, river conditions
at index stations, and other miscellaneous data. A sample of the
completed form is shown on plate F-42.

b. Alerting reports. An alerting report is promptly made and
includes pertinent data that is readily available along with a gen-
eral appraisal of local conditions although data from all the pre-
cipitation or flood index stations may not be available. Whenever
any of the following conditions occur, the manager will immediately
notify RCC: . '

(1) . Precipitation. Occurrence of 1 inch precipitation
during any 24-hour period at either Birch Hi1l Dam or Tully Lake
or at any precipitation stations within the watershed or vicinity.

(2) Reservoir stages.

{(a) Nonfreezing season. A reservoir stage of 6 feet
and rising at Birch Hill Dam or a reservoir stage of 19 feet and rising
at Tully Lake.

(b} Freezing season. A reservoir stage of 6 feet and
rising at Birch Hill Dam or a reservoir stage of 15 feet and rising
at Tully Lake.

(3) River stages. Whenever the Millers River at the Main
Street gage in Athol rises to a stage of 0 feet and is rising.

(4) Unusual conditions. Unusual local conditions such as
difficulty with the gates, ice jams, excessive debris, bridge fail-
ures, etc., will be reported.

c. Supplemental reports. Supplemental radio (or telephone)
reports are made to RCC by the manager ejther following instructions
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from RCC or if it appears that flood conditions might develop in the
watershed as the result of melting snow, ice jams, dam failures or
heavy localized rainfall., The time and freguency of these reports
are dependent upon the severity of conditions and specific instruc-
tions from RCC. Plate F-43 shows a typical reporting log which in-
dicates the data to be included in reports by the project manager
during flood periods. Insofar as practicable, the following 1nfor-
mation is included in the flood report to RCC.

(1) Precipitation at dam. The total amount of precipita-
tion which has fallen up to the time of reporting and several inter-
mediate amounts with times of observation.

(2) Reservoir stage. The pool stage at time of reporting
and several previous readings with corresponding times to determine
the rate of rise and define the inflow hydrograph. Accurate readings
of stage and time are essential to facilitate computations by RCC
{see plates F-44 through F-46, inclusive).

(3) Gate positions. Gate openings and discharges at time
of reporting and at beginning of storm. Any gate changes since pre-
ceding report should be included with corresponding stage and discharge.

(4) Precipitation reports from observers. Rainfall data
received from cooperative obsevers.

(5) River stages. Millers River stages with times of obser-
vations from gages at Athol, Orange and Erving as requested by RCC.

(6) Snow cover. General snow cover which may affect run-
off conditions throughout the basin.

(7) Miscellaneous data. Any other information wh1ch might
be pertinent such as temperature, etc.

d. Special reports. A special report is submitted by the man-
ager to RCC whenever unusual circumstances occur during a flood or
as requested by RCC. The report may be written in Tonghand and should
describe the subjects outiined below if appropriate.

(1) Observations at dam. The manager makes general obser-
vations of conditions occurring at the outlet works as l1isted on the
following page. The observations are entered in the Tog book at the
dam. If possible, photographs are taken of any unusual conditions,
noting the date, time, the reservoir gage heights and position of the gates.
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(a) Extent and action of eddies and waves in the vicin-
ity of the conduit intakes and portals.

“(b) Extent and action of turbulence or eddies downstream
of the spillway and outlet works. _

(c) Effect on the flow through the gates due to an ac-
cunulation of ice or debris at the intake.

(d) The pool elevation and position of the gates at
which vibration may develop.

(e) Any other unusual hydraulic phenomena that may occur.

(2} Observations at downstream control points. During peri-
ods of reservoir regulation, particularly while emptying the reservoir,
reconnaissance of downstream conditions is made by either or both man-
agers, upon specific authorization of RCC, to obtain further data on
the safe channel capacity in any of the downstream damage areas or
control points on the Millers or Connecticut Rivers.

e. Snow survey reports. Snow courses have been established at
selected locations within the reservoir watershed. Weekly surveys
are made by the managers during the winter and early spring to deter-
mine the depth of snow and its equivalent water content. Dates for
surveys are established each year by RCC so as to correspond with
monthly bulletins of the U.S. Geological Survey and supplemental data
from power companies. The report will contain the name of the station,
the snow depth and water equivalent.

f. Hartford River Forecast Center report. The project manager
at Birch Hill Dam or Tully Lake will make a daily telephone call at
0815 hours to the Hartford River Forecast Center for the purpose of
transferring hydrologic and climatologic conditions at the reservoirs
to the National Weather Service. This data is used to develop a Millers
River headwater statement. The statement is transmitted to RCC twice
weekly and gives the amount of rainfall in six hours required to pro-
duce runoff varying from .25 to 5 inches into our reservoirs. The
following parameters will be reported on a 7-day basis:

Dam Depth of new snow

Date Total depth of snow

Time of observation Temperature - maximum preceding 24 hours
Precipitation {24-hour) Temperature - minimum preceding 24 hours
Form precipitation Temperature - current

Present weather
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21. SPECIAL ADVISORIES

In accordance with regulations set forth in EM 500-1-1, "Domestic
Emergency Operations,” and the "Guidance Memorandum, Reservoir Control
Center," special advisories from RCC on flood potential and progress
of all threatening storms are submitted to the Division Engineer and
to the Chiefs of Engineering and Operations Division. Flood reports
are also prepared for OCE by the Reservoir Control Center.

22. MAINTENANCE OF LOG

A1l reports, instructions, records of unusual circumstances at
the dam, and information pertinent to regulation of the reservoir are
entered in the logs. A log is maintained by both the project manager
and Reservoir Control Center.

23. GATE OPERATION RECORD

A1l gate operations are carefully noted on NED Form 90, a sample
of which is shown on plate F-47 and submitted biweekly to RCC. ATl
operations are noted regardless of the duration of the change in gate
position. The report includes data and time of day, reservoir stage,
outflow, precipitation, gate opening, tailwater reading and remarks
column. RCC personnel utilize the Form 90's in the preparation of
the monthly charts of reservoir regulation.
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CHAPTER V
HYDROLOGIC FORECASTS

24. NATIONAL WEATHER SERVICE

a. Weather forecasts. The National Weather Service in Boston,
Massachusetts is responsibie for issuing daily weather forecasts for
- public dissemination through the news media. These reports are re-
ceived at RCC approximately four times each day on the Weather Service
teletype Toop.

b. Precipitation forecasts. In addition to the normal weather
forecasts, quantitative precipitation forecasts are received daily by
RCC. Supplemental weather informatijon and forecasts prior to or dur-
ing floods are made available upon request.

c. River forecasts. The River Forecast Center at Hartford, Con-
necticut is responsible for preparing and disseminating flood fore-
casts for the Connecticut River and some of the principal tributaries.
The Center also prepares and transmits biweekly forecasts by teletype
to RCC indicating the amount of 6-hour rainfall necessary to produce
runoff varying from .25 to 5 inches into our reservoirs and the amount
of rainfall required to produce flood conditions on selected tributaries
below our projects. Although flood forecasts are not specifically given
for the Millers River, they are given for nearby watersheds and are in-
dicative of hydrologic conditions in the area. Flood forecasts are
also given for the Connecticut River at the following locations: North
Walpele, Montague City, Springfield and Hartford.

25. CORPS OF ENGINEERS

a. Millers River forecasts. During flood periods in the Millers
River watershed, the Birch Hill and Tully reservoirs are operated
‘principally to protect the downstream community of Athol. The flat
gradient of the Millers River, and the construction of the Mortons
Meadow Housing Development in the Athol flood plain in the late 50's
has resulted in a limited non-damaging channel capacity of only 3,100
cfs, equivalent to 11 csm. The two reservoirs control 80 percent of
the drainage area at Athol, 71 percent at Orange, and 60 percent at
the Erving gage. Operating experience for the past 30 years has shown
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that the regulation of the reservoirs for Athol results in providing
protection to all other downstream locations, where channel capaci-
ties are much greater, for example, 6,000 cfs at Erving.

During a flood period the Tully reservoir manager continually
monitors river stages at the Main Street gage as directed by RCC
(it takes him about 15 minutes to drive to the gage). The high flow
travel time from Tully Lake to the Athol gage is 2-3 hours, from
Birch Hill Dam, 4-5 hours. Taking into consideration these hydro-
logic characteristics of the Millers watershed and the fact that RCC
continually receives weather forecasts, National Weather Service juan-
titative precipitation forecasts and flood forecasts, data from the
automatic hydrologic radic reporting system and the other 25 manned
dams, it has not been considered necessary to develop a specific flood
forecasting procedure for the Millers River.

b. Future flood forecasts. The Master Manual for the Connecti-
cut River basin has been initiated and will include procedures for
Connecticut River flood forecasting and releasing of stored waters
from the entire reservoir system during the recession of the flood.

In December 1977, the Reservoir Control Center requested the
Hydrologic Engineering Center to initiate studies to develop a flood
forecasting technique for the Merrimack River basin based on "real
time" data collected from the Automatic Radic Reporting Network, flood
control dams and other sources. Results and findings of this study,
scheduled for completion in FY 1976, will be utilized in determining
forecast procedures for the Connecticut River basin.
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CHAPTER VI
RESERVOIR REGULATION

26. PLAN - GENERAL OBJECTIVES

The general objective of the regulation procedures for the Mil-
Ters River watershed is to provide a comprehensive tool for guiding
those responsible for operating Birch Hill Dam and Tully Lake in ac-
complishing the missions for which these projects were authorized.
This plan will allow for the most efficient protection of immediate
downstream communities on the Millers River and communities further
downstream on the Connecticut River. This plan will make efficient
use of water available on a seasonal basis for recreation at Tully
Lake without adversely affecting the flood storing capability of the
Take.

27. NONFREEZING SEASON
a, Birch Hill Dam. This project was authorized as a dry bed

PESEPVOir.' The normal gate opening during the nonfreezing season
is 4'-4'-4'-4", :

b. Tully Lake. A seasonal recreation pool will be maintained,
following the snowmelt in the spring until mid-September, at about
16 feet (elevation 641 feet mslg. One gate will be completely closed
and the other throttled, depending on the infliow into the reservoir.

28, FREEZING SEASON

a.. Birch Hill Dam. A winter pool will not be maintained. Dur-
ing cold weather the flood control gates will be operated daily to
prevent them from freezing. The normal gate setting during the freezing
season is 3'-3'-3'-3". _ '

b. Tully Lake. A winter pool will be maintained at about stage
11 feet (elevation 636 feet mslg to prevent the flood control gates

from freezing. One gate will be completely closed and the other opened
to maintain a constant pool. The Reservoir Control Center will instruct
the project manager when the winter pool is to be established in the
fall, and raised in the spring.
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29. FLOOD CONTROL

a. Qbjective. The flood control objectives of both Birch Hill
Dam and Tully Lake are directed to provide flood protection to Athol,
Orange and other downstream communities on the Millers River and, sec-
ondarily, in conjunction with other flood control reservoirs in the
Connecticut River basin, to alleviate flooding downstream communities
on the main stem of the Connecticut River. ' '

b. Operating constraints.

(1) Minimum releases. A minimum release of about 10 to 20
cfs must be maintained from both projects during perijods of requla-
tion in order to sustain downstream fish life.

(2) Flowage easements. The original authorizations for
both Birch Hi1T and Tully allowed for flowage easements only to spill-
way crest (Birch Hill 852 feet ms]1 = 37 foot stage; Tully 668 feet
ms1 = 43 foot stage). Therefore, during a severe flood the possibility
exists of causing damage upstream of Birch Hill at the sewage treatment
facility in Winchendon and in the community of Baldwinville on the
Otter River. A plan view of the dike system surrounding the sewage
treatment facility is shown on plate F-59. The sludge beds begin to be
inundated when the Birch Hill pool reaches spillway crest elevation.
A decision will have to be made to either utilize surcharge storage
or to increase regulated discharges to prevent surcharge storage and
possibly result in downstream damage. There are no probiem areas
immediately above spillway crest at Tully Lake.

(3) Recreation area.

{a) Birch Hi1l Dam. The Lake Dennison recreation facil-
ity is comprised of 82-acre Lake Dennison, 200-acre camping facility,
150 tent or trailer sites and 7 sanitary facilities. If possible, con-
sideration should be given to try and prevent inundation of these
facilities. The lake surface elevation is 821 feet msl (6-foot stage},
however, damages do not begin until approximately 825 feet msl (10-
foot stage) when the pool inundates the lowest lavatory. The proj-
ect manager should consider notifying the Massachusetts Department of
Natural Resources personnel at the camping site at a stage of 10 feet
and rising, that the pool is rising and could cause difficulties at
the campgrounds. :

(b} Tully Lake. There are no structures in the reser-
voir area that cause operating constraints.
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30. FLOOD PERIOD

a. General. Regulation of flows from Birch Hi1ll Dam and Tully
Lake are initiated for heavy rainfall occurring over the Millers River
watershed and also for specific river stages at key Miliers and Con-
necticut River index stations. Regulation may be considered in three
phases during the course of a flood: Phase I, the appraisal of storm
and river conditions during the development of the flood Teading to
the initial regulation; Phase II, regulation of projects whiie the
Millers River and/or Connecticut River floodflows crest and move down-
stream; Phase III, emptying the reservoir following the downstream
recession of the flood. The standard operating procedures (SOP) for
regulating the reservoirs are shown on plate F-48.

b. Phase I - Initial regulation of discharge. During this phase
it is important to coliect rainfall and discharge data in order to
appraise the development and magnitude of a flood in the basin. Gate
operations at Birch Hill Dam and Tully Lake will be initiated to re-
strict the reservoir discharge in accordance with the SOP shown on
plate F-48. The portion of the total to be released from each reser-
voir will be as directed by the RCC.

Consideration will be given to partial closure of the gates at
both projects (Birch Hi11 1'-1'~1'-1'; Tully 0'-1') for any of the
following conditions: :

(1) Whenever a rainfall of two inches on snow-covered, wet
or frozen ground, or three inches on dry ground occurs within a 24-
hour period at either dam or at any station within the Millers River
watershed or vicinity.

(2) Whenever the stage at the Main Street bridge staff gage
at Athol reaches 1.5 feet during the growing season or 2.0 feet dur-
ing the non-growing season and is rising. A stage-discharge curve is
shown on plate F-49.

(3) To restrict the contribution from the reservoirs when
the Connecticut River at Mgntague City approaches a stage of 25 feet
during the gr0w1ng season and 28 feet during the non-growing season.

¢. Phase II - Continuation of regulation. An important regula-
tion activity during this period is the collection of hydrologic data
such as (1) precipitation amounts throughout the entire watershed as
well as surrounding areas; (2) snow cover and water content in case
of spring floods; (3) stage and discharge values at downstream control
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points; (4) other pertinent data which would assist in the regulation.
During this phase, the reservoir discharge is regulated to reduce ddwn-
stream flooding on the Millers and Connecticut Rivers.

As a flood develops, considerable judgment and experience'are
necessary to vary the regulation in accordance with the amount of

" residual reservoir storages at Birch Hill and Tully, river stages at

Athol and Orange, water content of the snow remaining in the water-
shed, if any, and weather forecasts. In general, the continuation

of regulation will be governed principally by the reservoir pool stages
and the stage af the Main Street bridge at Athol.

Secondary river rises from additional rainfall or snowmelt will
be considered applicable to Phase II. With rising stages at the Main
Street bridge in Athol, consideration will be given to the travel
times from the dams to Athol in order to anticipate river stages.
Approximate peak travel times to Athol from Birch Hill Dam and from
Tully Lake are about 5 and 3 hours, respectively.

The preceding conditions will usually govern the continuation of
regulation in Phase I1, but in some cases flood conditions on the Con-
necticut River will be the controlling factor. Regulation in Phase II
will continue until the RCC has determined that the flood peak has
passed Montague City and no longer poses any danger to the immediate
areas on the Millers and Connecticut Rivers. Approximate travel times
for the watershed are given on page i and on the Standard Operating
Procedures (SOP), plate F-48.

Consideration will be given to compiete closure of the gates at
both projects (Birch Hill 0'-0'-0'-0.1"'; Tully 0'-0.1") for anv of the
following conditions:

(1) Whenever a rainfall of three inches on show-covered,
wet or frozen ground, or four inches on dry ground occurs within a
24-hour period at any station within the watershed.

(2) Whenever the stage at the Main Street bridge staff gage
at Athol reaches 3.0 feet,

(3) Whenever the Connecticut River at Montague City approaches
a stage of 26 feet during the growing season and 30 feet during the
non-growing season.

Three New England Power-Company'hydroelectric plants (Wilder,
Bellows Falls and Vernon) on the main stem of the Connecticut River
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are affected by controlied releases from fiood control reservoirs
operated by the Corps. Only Wilder can release large amounts from
storage that could significantly affect Corps operations. Releases
by the Corps and the New England Power Company will be coordinated
during flood periods.

d. Phase III - Emptying the reservoirs. Following the reces-
sion of the flood peaks at downstream index stations of the Millers
River, the reservoirs will be emptied as rapidly as possible. The
contribution of each reservoir to this total will be as directed by
RCC. The following river stages will also govern the release rates
from both reservoirs.

(1) Athol gage. This staff gage is located on the down-
stream side of the Main Street bridge, Millers River in Athol. The
Morton Meadows Housing Development for the Elderly, located about

1,500 feet downstream from the bridge, consists of 5 units of 6 apart-
ments each and is an operating constraint. A photograph of the housing
development is shown on plate F-50.

Stage in Feet

1.5 Beginning of damage to crops in growing season.

3.0 Highest stage for normal conditions., Attain this stage
at least once each year if runoff conditions are favor-
able. Notify Morton Meadows Housing Development to
reassure citizens that the Corps realizes high flows
exist.

3.3 Should not be exceeded except for unusual event. Access
roads are just inundated. Have project managers maintain
communications with elderly residents.

3.8 Only for a critical flood situation.

4.0 About one foot below floor of lowest unit of Morton
Meadows Housing Development. Utility crawl space under
building flooded.

(2) Orange gage. This staff gage is located on the upstream
side of the Main Street bridge, Millers River, Orange, Massachusetts.

Stage = 3.5 feet Normal maximum stage.
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(3) Erving gage. This USGS recording gage is located on
the right bank of the Millers River 75 feet downstream from the
bridge at Farley, Massachusetts and 2.4 miles downstream from Erving,
Massachusetts.

Stage = 6.5 feet Normal maximum stage rep-
resenting a flow of 4 600 cfs -
12 csm.

(4) Montague City gage. This gage is located on the Tleft
bank of the Connecticut River 75 feet downstream from the Penn. Central
Railroad bridge at Montague City, Massachusetts and 7.2 wmiles downstream
from the confluence of the Millers and Connecticut Rivers.

Stage = 26 feet beginning of flood damage during
summer growing season,

30 feet beg1nn1ng of f]ood damage during
non-growing season.

The rate of increase in reservoir discharge from Birch Hill Dam
shall not exceed 500 cfs per hour up to 2,000 c¢fs and 200 cfs per
hour over 2,000 cfs. The maximum rate of reservoir drawdown should
not exceed 5 feet per 24 hours. The rate of increase in reservoir
discharge from Tully Lake shall not exceed 200 cfs per hour up to
600 cfs and 50 cfs per hour over 600 cfs, with the maximum rate of
drawdown not to exceed 5 feet per 24 hours. Outlet rating curves for
Birch Hi11 Dam and Tully Lake are shown on plates F-51 through F-54.
Following the. emptying of the reservoirs, the gates will be set at
their normal openings.

Discharge of the water stored at Birch Hi1l Dam and Tully Lake
will be coordinated with releases from other projects in the system
in a manner that will allow the Connecticut River flood crests to
continue receding. This subject will be described in detail in the
"Master Regulation Manual for the Connecticut River Basin."

With the Birch Hill reservoir pool at spillway crest, an inflow
of 3 csm (625 cfs) and an outflow of 2,800 cfs, it would require about
10 days to empty the reservoir. With the Tully reservoir pool at
spillway crest elevation, an inflow of 3 csm (150 cfs) and an out-
f]o? of 800 cfs, it wou1d take about 15 days to empty the flood con-
trol pool.

Secondary river rises during Phase III, due to either additional

rainfall or snowmelt, may result in the regulation procedures reverting
to Phase II.
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(5) Safe downstream channel capacities. The maximum safe
channel capacity.immediate1y downstream of Birch Hill Dam is 2,800
¢fs during the non-growing season and about 2,000 c¢fs during the growing
season. The safe capacity downstream of Tul]y Lake is about 800 cfs
~and 650 cfs, respectively. If possible, from a hydrolog1c viewpoint,
releases from each project should reach these maximum figures annually
at each project. In order to accomplish this, flows at one project
will have to be reduced permitting the other to reach its safe maximum
capacity. Care should be taken at all times not to cause damaging flows
in Athol.

e. Regulation for snowmelt. Moderately high springtime discharges
can occur as a result of melting snow, but runoff from this source alone
has not caused major flooding. The snow cover in the Tower elevations
of Massachusetts and Connecticut usually diminishes before melting takes
place in the northern areas of Vermont and New Hampshire. However,
the potential snowmelt flood threat period on the Connecticut River
and its tributaries is prolonged and generally occurs in March and
April because of high riverflows and saturated ground conditions,

Active snowmelt begins when the density of the snowpack rises
above 30 percent, i.e., a 10-inch depth of snow having 3 inches of
water equivalent. RCC has not developed precise correlations re-
garding high temperatures-snow density-peak runoff relationships for
each tributary. However, operating experience has indicated that
after the snowpack becomes "ripe," several days of maximum temper-
atures in the 50's and 60's would result in flows of up to 8 to 10
csm in the main stem of the Millers River, and discharges up to 20
csm from the smaller, steeper tributaries in the watershed. The
runoff from snowmelt alone is diurnal, orderly and gradual, and reg-
ulation by RCC personnel will not necessarily follow the release
guides established for runoff associated with rainfall. Regulation
during periods of snowmelt alone generally will be based on ma1nta1n1ng
releases consistent with full downstream channel capacities.

f. Spillway discharge. Ordinarily, during a major flood, the
gates will not be opened to avoid spillway discharge. Surcharge stor-
age above the spillway crest will be utilized if the downstream chan-
nel capacity continues to be exceeded by the runoff from uncontrolled
areas. However, due to the lack of flowage easements above spillway
crest at both projects, surcharge storage will be utilized only under
severe downstream flooding conditions. It will be necessary to deter-
mine which method of operation during a particular fiood event will
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afford protection for the largest number of people and their property,
that is either utilizing surcharge storage or increasing release rates.
If the stage in either reservoir continues to rise above the crest
with the possibility of the. pool rising to the maximum design sur-
charge, the following schedule will be used as a guide for gate re-
leases during spillway discharges.

Birch Hill Dam Tully Lake
Pool Stage Gate Openings Pool Stage Gate Openings
37 0'-0'-0*-0.1" | 3 0'-0.1"
40 2'-2'-2' -2 48 | 21-2¢
41 414" -4 4 o 33
42 6'-6'-6'-6' 50 4'-4!
43 12¢-12*-12'-12° 51 ' 6'-6'

(Fully Open) (Fully Open)

The spillway rating curves are shown on plates F-55 and F-56.

g. Alerting of flood affected populace. Whenever it is anti-
cipated that either reservoir will rise above spillway crest eleva-
tion during an extreme flood, the project manager will notify the
Massachusetts State Police at the Holden Barracks, and the Chiefs of
Police at Athol and Orange of the expected uncontrolled spiliway dis-
charge conditions. The project manager at Birch Hill Dam will also
notify the Chiefs of Police at Winchendon and Baldwinville that por-
tions of their communities might be inundated from water backing up
from the dam.

h., Effect of regulation on roads within the reservoirs. There
are several roads that pass into or through the reservoir areas that
are subject to inundation during the storage of floodwaters. Inas-
much as public safety is involved in the use of these roads, the
project managers of these reservoirs are responsible for seeing that
these roads are barricaded whenever necessary.

(1) Birch Hi1l Dam. The project manager should consider
barricading roads into the reservoir area at stages of 11, 24 and
37 feet. During the winter months the 11-foot barricades should be
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closed at a stage of 9.5 feet. The Tocations of these barricades
are indicated on plate F-4.

(2) Tully Lake. When a rising pool approaches a stage of
22 feet, the manager will barricade the top and bottom of Doane Hill.
The manager will keep the barricades at both entrances to old Davis
Hi11 Road, which has a bridge out, permanently closed. Barrier loca-
tions are shown on plate F-5.

31. EXTRAORDINARY FLOOD CONDITIONS

It is conceivable that extraordinary circumstances or unpredict-
able flood conditions may arise such as a possibility of drowning,
dam or bridge failures, highway or railroad washouts, ice jams or
debris deposits. Since the purpose of the reservoirs is to help save
Tives and prevent or reduce damage, regulation during such unusual
conditions may not follow previously described rules but will be
governed by the urgency of the circumstances. During such conditions
the project manager has full authority to act immediately in the public
interest., RCC will be notified as soon as possible of any unhusual in-
cident so that additional action may be taken to provide maximum pro-
tection.

32. REGULATION WITH FAILURE OF COMMUNICATION

Should both the Birch HiTl and Tully project managers be unable
to contact RCC when a flood is developing, the Birch Hill project man-
ager has full authority to act promptly in accordance with the instruc-
tions contained in the SOP and will direct the regulation of both
reservoirs until communications can be established. Should the proj-
ect manager at Birch Hill be unavailable for duty, the Tully project
manager will direct the regulation of both projects according to the
SOP. Refer to plate F-48 and paragraph 30. It should be emphasized
that whenever communications faii, or due to lack of adequate reports,
and it is impossible to fully appraise the runoff from an intense storm;
then it is preferable for either manager to immediately restrict or
completely stop the reservoir discharge than to delay regulation and
actually contribute to downstream flood conditions.

: In cases of extreme emergency, the manager shall attempt to com-
municate with RCC through the Massachusetts State Police and the office
of Civil Defense Mobilization radio networks. In addition, all hydro-
Togic radio reporting stations have radios that transmit directly to
RCC. Paragraph 19 gives the location of these stations.
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The Birch Hi1l project manager will regulate the discharges
from both reservoirs during Phase I. In case of doubt as to whether
a partial or complete gate closure should be made, the gates will be
closed completely whenever the severity of the storm and/or lack of
information concerning downstream conditions warrant such action.

In the event that the Tully project manager is unable to contact
either RCC or the Birch Hill project manager by phone, he or his as-
sistant will drive to Birch Hill Dam to report on flood conditions.
Should conditions be such that immediate reduction of the Tully Lake
outflow is essential, the Tully project manager has full authority to
make the necessary gate adjustments prior to reporting to Birch Hill.
Releases for emptying the reservoirs will not be made until contact
has been established with RCC. Possession of the instructions con-
tained in this manual does not relieve the project manager of his
responsibility for continued efforts to communicate with RCC.

33. [EMERGENCY OPERATING PROCEDURES (EOP)

When unable to contact RCC and flood conditions develop, the flood
control dam operators have full authority to reguiate the gate openings
in accordance with instructions as follows:

EMERGENCY OPERATING PROCEDURES

a. Partial gate closure for any of the following conditions:

Birch Hill - Tully
Non-growing Growing Non-growing  Growing
Season Season Season . Season

Gate Settings 1"-1"-1'-1" T-1'-1'-1' 0'-1" 0'-1'
(1) Rainfall during a

24~hour period,

snow-covered, wet
or frozen ground 1.5" 1.5¢ 1.5" 1.5"

dry ground 2.0" 2.0" 2.0" 2.0"
{2) Stage, Millers R. at 2.0" 1.5¢ 2.0 1.5'

Main St. Bridge, Athol
(3) Stage, Conn. R, at 26" 25! 26' 25"

Montague City
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b. Complete gate closure for any of the following conditions:

Birch Hill  Tully
Non-growing ~ Growing Non-growing  Growing
Season Season Season Season

Gate Settings ~0'-0'-0'-0.1' 0’-0'-0'-0.1' 0'-0.1' 0'-0.1"
(1) Rainfall during any

24-hour period.

snow-covered, wet 2" 2" 2" 2"
or frozen ground

dry ground 3" 3" 3" 3"
(2) Stage, Millers R. at 3.0 2.0 3.0 2.0"

Main St. Bridge, Athol
(3) Stage, Conn. R. at 28" 28" 28" 23"

Montague City

¢. Emptying the reservoir. Emptying the reservoir shall not be
initiated until contact has been established with RCC.

34. COOPERATION WITH DOWNSTREAM WATER USERS

It is the policy of the Corps of Engineers to cooperate with down-
stream water users and other interested parties or agencies. Photo-
graphs of dams at Chase Machine Company and Lake Rohunta are shown on
plates F-60 and F-50, respectively. The locations of these dams are
shown on watershed map (plate F-3) and watershed profiles (plate F-24).
The manager may be requested by downstream users to deviate from normal
regulation for short periods of time. Whenever a request for such mod-
ification is received, the manager shall ascertain the validity of the
request and obtain assurance from other downstream water users that
they are agreeable to the proposed operation. The operator will then
relay the information to RCC and request instructions. A minimum
release from both projects for downstream fish life shall always be
maintained during periods of regulation.

35. ABSENCE FROM DAM

RCC and the basin manager are notified whenever the project manager
expects to be away from the dam either overnight or for an extended period.
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36. SEDIMENTATION

Sedimentation ranges and monuments have not been installed in
the reservoir areas. Experience from other reservoir projects in
New England has shown that only minimal amounts of sedimentation can
be expected to take place.

37. FUTURE STUDIES

Post flood studies will be made of each reservoir regulation
period to determine efficiency of communications and reporting net-
works, the applicability of reguiation guides, including stage-djscharge
relationships, discharge correlations and flood reductions, at damage
centers. '
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CHAPTER VII
HYDROLOGIC EQUIPMENT

38. PRECIPITATION GAGE

A standard weighing and recording NWS precipitation gage has
been installed at Birch Hill Dam. The Tully Lake project manager
has a non-recording precipitation gage at his dwelling. These gages
serve as a supplement to other NWS rainfall stations within or in
the vicinity of the Millers River watershed.

39. RESERVOIR STAGE RECORDER

The automatic float-operated water level recorders at Birch Hill
and Tully trace the water level in the reservoirs at all times. The
recording instruments should be checked each morning to assure that
the clock is keeping correct time and the pen is tracing properly.

Any discrepancies in the record as evidenced by the pen time or gage
height should be noted on the chart, and the instrument should be
reset. During periods of reservoir storage, the outside tile or staff
gage should be read to check tape readings and chart records. Should
the recorder become inoperable, RCC should be notified and arrangements
will be made to repair the instrument.

The chart record should be changed the first working day of each
week (Monday morning) at both Birch Hill and Tully, and the following
iﬂformation should be noted in ink at the beginning and end of each
chart:

Outside (tile) gage reading

Pen gage height reading

Watch time

Pen time

Date and name of dam
New charts for weekly recorders should be obtained from the NED warehouse.
40. TAILWATER GAGING STATIONS

USGS gaging stations are located about 1.5 miles downsiream of
Birch Hi1l and just downstream of Tully. These stations provide a
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continuous official record of releases from the dams. They are equipped
with digital-type water stage recorders and are operated and maintained
under a cooperative stream gaging program. In addition to the gage at
Tully, a remote transmitier is located at the gage and remote receijver
recorder in the gatehouse. It is essential that the gages be checked
frequently to assure proper operation. If inspection indicates a need
for repair, RCC should be notified immediately and arrangements will

be made with the USGS to have the equipment repaired.

o’/

continuous official record nf releacec fram tha dame Tlaner mem omeTee
41. TELEPHONE TRANSMITTER (TELEMARK)

The telephone transmitter on the Connecticut River at Montague
City is used for regulation in the Millers River watershed. The proj-
ect managers of Birch Hi11 and Tully should call the Montague City
gage at least once each month to familiarize themselves with its code.
During failure of communications, the Millers River projects must
regulate for Montague City stages. Should the telemark at Montague
City become inoperable during the monthly check, the Birch Hill proj-
ect manager should notify RCC. If the trouble cannot be determined
at the gage, the telephone company should be requested to check out
their circuits in the presence of the project manager. If the tele-
mark still is not functioning by this time, RCC should be notified
and NED or USGS personnel will inspect the gaging station.

Batteries for the ADR-BDT equipment at the Montague City gage
will be furnished and installed by the USGS.

42. SNOW SAMPLING SET

A snow sampling set has been assigned to the project manager at
Birch Hil1l. Snow surveys will be carried out by the project managers
and their assistants from both Birch Hill and Tully. Procedures for
obtaining snow survey data should follow instructions set forth in
"Snow Sampling Guide, Department of Agriculture, Handbook 1960." If
given proper care, the only maintenance required would be occasional
replacement of wornout cutterheads.
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L L.WILLIAMS, PRDJ. MGR.
J.DELONG, ASSISTANT

BLACK ROCK LAKE

\—' EW. FOSTER, PROJ. MGR,
T.COLLINS, ASSISTANT

Maintained By State

OTTER BROOK LAKE

& BOYEA |, PROJ. MGR.
D. SHEPARDSON, ASSISTANT

COLEBROOK RIVER LLAKE

P.R. LEWIS, PROJ, MGA.
D. GREENE , ASSISTANT

MAD RIVER DAM
*

SUCKER BROOK DAM
*

L—{ C.A.BUSWELL, PROJ). MGR.
ASSISTANT

WEST HILL DAM
J. M. CLARKIN, PROJ. MGR|

RCC ASSISTANTS

WCB ASSISTANTS

T.D. BUCKELEW
R.E. HETU

A L. HOROWITZ
G.A, LARAWAY

BRUDNIGK
BUELOW
BURNS
CASSIDY
DONATI
FEENEY
MERL
MICHIELUTTI
PARKER
SHARROCKS

MUARAODNO
TomEzzrrLom

|oRGANIZATION CHART FOR RESERVOIR REGULAT!ONI

N DIVISION ENGINEER ]

|

[ ENGINEERING DIVISION |

[ WATER CONTROL BRANCH |

| RESERVOIR CONTROL CENTER |

HURRICANE BARRIERS
J. FINEGAN , REGULATOR

FRANKLIN FALLS DAM

R.D: MAYO, PROJ. MGR,
0. LAROCHE, ASSIST.

R, TETREAULT

BLACKWATER DAM
J- ROBERTS, PROJ. MGR.

'WARD MACDOWELL DAM

J+ RATHBURN, PROJ. MGR.
K.B. WETHERBEE , ASSIST.

HOPKINTON LAKE

R.A. GOLEC, PROJ. MGR.
E.P. MCCABE ,ASSISTANT

EVERETT LAKE

J.A. PLIFKA, PROJ, MGR.
W. TURNER , ASSISTANT

[NEW BEDFORD BARRIER

J.d. ARRUDA, PROJ. MGR.
F.M. CALDWELL., ASSIST.

STAMFORD BARRIER
J.KATSURANIS, PROJ.MGR]

FOX POINT BARRIER
ADVISORIES TO
PROVIDENCE R.1I.
PUBLIC WORKS DEPT.

PAWCATUCK , CONN.

ADYVISORIES TO
POLICE CHIEF.

RESERVOIR MANAGERS

B.MANOR
S.ALEXANDER
A.SAWICKE
H.LAWTON
J4.LEDGERE

HOUSATONIC R. BASIN
THAMES R. BASIN
MERRIMACK R. BASIN
CONN- R. BASIN (UPPER)
CONN. R. BASIN {LOWER)

ORGANIZATION
CHART
RESERVOIR REGULATION

V OEPARTMENT GF THE ARMY

NEW ENGLAND DIVISION , CORPS OF ENGINEERS
WALTHAM , MASS,

APRIL

1974
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ANNUAL PRECIPITATION
D
{Oepth 1n Inches)

BIRCH HILL DAM TULLY LAKE
WINCHENDON, MASS. ROYALSTON, MASS, ROYALSTON, MASS. TURHERS FALLS, MASS.
ETevation .ﬁéﬁ TEmsT) TETevation E'Eﬁ Tt ms1) (ETevation Eﬁg Tt msT) ETevation 130 'f‘t ms1)
CALENDAR 77 Years of Record 22 Years of Record 21 Years of Record 71 Years of Record
TEAR Through 1970 Through 1970 Farough 1370 Through 1970
1850
18391
182 L
1893 37.64
1834 3.3 27.66(2)
1895 40,14 35.00
1846 37.27 37.04
1897 £1.14 e
1898 50.64 44,03
1899 /06
1900 8’44
1901 45,97 s
1902 6.0
1903 43.13 37.45
1904 40.40 39.44
1905 41.88 36.54
1906 37.65 42,48
1907 41,11 44,14
1908 30.72 36.68
1909 38,7 44,10
1910 33.25 34.56
9 38.30 42.79
1912 37.26 39.36
1913 37.00 33,28
1914 35.12 31.48
1915 44,02 49,54
1816 45,93 43.79
M7 43.14 8.N
1918 40,12 36,32
1939 44,83
1920 84,79 s
19 44,35 43.18
1922 52.15 39.26
1923 44,71 33.43
1924 35.20 28.95
1925 3
1926 38.69 33.70
1927 48,94 42,53
1928 43.87 4269
192¢ 38.85 36,97
1930 33.30 33.3
1931 39,99 38.52
1932 40.05 38.16
1933 48.37 42.37
1934 45.25 45,34
1935 38.03 35.04
1936 49,56 44.41
1937 49,95 46.91
1938 58.98(1} 55.18()
1939 32.08 36.57
1640 42,10 45.16
1641 29.08 2037
1942 45,17 51,06
1943 41,28 40.70
1944 37.18 46.34
1945 43,46 53.25
1946 39.13 .
1947 35.31 43.42
1948 39,70 40.85
194¢ 34,24 32.33 : . 35.75
1950 39.83 49.51 42.75 44 .44
1951 £0.69 49.60 54.28(1) 52.91
1952 39.09 36.88 39.93 44,25
1953 49,54 46,82 51.62 49,08
1954 48,20 41.568 45,54 47.10
1956 42,35 42,24 47.42 52,54
1956 39.67 36.23 37.44 41.74
1957 37.56 - 31.09 35.86 32,72
1958 39,96 35.21 39.62 7.9
1659 47.84 42.69 49,13 46,22
1960 55.69 50,49(1) 51.97 45.79
1951 44.50 36.63 36.10 34.48
1962 39.56 34.9 38.23 36.26
1963 34.34 28.78 32.51 31.23
1964 30.62 26.73 27.67(2) 30.75
1965 28.26(2) 25.91{2) 31.09 33,07
1966 36.20 29.43 32,94 35.20
1967 44,56 39.39 43,24 43,28
1968 38,79 38.79 40,53 42.92
1969 48,33 . 45.53 50.23
1970 42.09 37.27 39.07 36.62
MEAN 41.69 37.52 41,07 40,32

sl Maxfmum annual precipitation for period of recard.
2) Minimum annwal precipitatfor for perfod of record.
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DEPARTMENT

CORPS OF ENGINEERS, U. S. ARMY

TAILWATER ELEYATION

N

i £
:
)
. 5
I i
7 2 ]
T8 o : LT3 Beol 1510 | B o] G | 30
e AR SR ARY IR TR IET] TR IETARTAEY T 18] 1KY I
1940 4 1942 1943
g
.
[T ! ¢ derzn
- 080 1 e 3
R L7 3 E
B e 18 ooy
k. +--- 45 o
+ 3 13
"
—-q ¥ 0::.
' Kl
1 L J ) 1 i 1 1 | L) L 1 10 LR) Ié' 6210 ) 210
TAREIER] L AEXIETS R | B P e B | 5 258 2 e IEr IR ALY AL IR E AN TS
1944 .

NOTES

Thase hydrogroohs ara bosed on the records of the USGS
Goping  Stotion on ihe Eost Branch of 1he Tully River which is
lcaled ot the dam site.

Elavotions ore in fee! Dove Meon Seo Leve!,

Drairoge  orec = 503 39. mi

For hydrogrophs prior ko [940, see Shest No. 3

The dota confoload Meedon ove not intenced G representatons
o worronties but ore fuemished for mforsmation only. I i eiprasely
inderstood Ihet the Goveramen! will Acl Da respoosible for ony
dediction, inlerpietation, or conclusion therafrom mode by ony
bidder ar confroctor.

Yedrs of record 1943 ond 1944 added in Aprir [ 948,

CONNECTICUT RIVER. FLOOD CONTROL

TULLY DAM
HYDROGRAPHS NO.2

[ TULLY RIVER r
IN 69 SHEETS SCALE SHEET NO. 3a
AS SHOWN

U.S. ENGINEER OFFICE, PROVIDENCE, R1., ¢ . 1944

ITTED: RECOMMENDEC: APPROYED
N 4. G_EE; Lodtta %/ e
e A e c".f'ﬁw.wm. %gﬁ?!

PREMALD Divamy. LB.M

M 0'9::‘ FILE NO GT- 3— 1234

[ REVISION (inticannd by A ) 1 JREVEICH BT
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ANNUAL RUNOFF
MILLERS RIVER WATERSHED

EAST BRANCH

PRIEST BROOK MILLERS“RIVER TULLY RIVER MILLERS RIVER
‘15?‘1Hﬁﬁﬁ§ﬂﬁﬁﬂ“ﬁﬁ§‘ ET'§UUTH'EﬁTﬁIETaﬂ“EE§§‘TTT NEAR L, . NG, MASS.
D.A. = 19.4 5Q. ML, = 187 SQ. D.A, = 50.4 SQ.. MI, D.A. = 375 SQ. MI.
1916-1970 1940~ 1970 . 1916-1970 ) 1914-1570
WATER YEAR CFS INCHES CFS INCHES CFS INCHES CFS INCHES
1914 - — - —— - ———- ——- —
1815 " ——a- -—-- - —— . an 17.2¢
1916 A  ime ——- —--- - ———- 785 27.61
1917 136 25,83 - S ]l 24 .69 646 23.57
1918 R ent o ——— 81 21.86 528 19.24
1919 37 26.95 -—— g 90 24,33 595 21.71
1920 48 34.90 —— ———- 119 32,14 813 29.67
1921 39 28,18 --- - 161 27.45 782 “28.54
1922 46 33.05 -—- ———- na 31.85 837 30.54
1923 29 21,19 -_— - 73 19.76 606 22.14
1924 37 26.85 - R 86 23.35 630 23.08
1925 22 16.06 - _— 65 17.58 438 . 15.99
1926 25 18,35 - - 69 18.73 B13 18.72
1927 28 20,53 -—- — 75 20.20 51 18.66
1928 (3} 55 39.86 --- ——— (3) 140 38.10 948 34.69
1924 33 23.85 - ——— 79 21.37 657 23.96
1930 14 10,03 - ——— 38 16,35 297 10,84
1631 23 16.38 - - 53 14.24 a7 15,21
1932 22 15,87 - ——— 59 16.04 482 17.59
1933 35 25,37 --- R— 92 24.89 716 26.07
1934 30 21.75 - — 91 24.75 691 25.33
1935 32 23,27 ——— - 88 23.87 671 24,58
1936 34 24,67 - ——— 90 24,53 718 26.33
1937 34 24,29 - amm- 91 24,87 m 26.09
1938 43 34,98 — ———- 126 34.35  (3) 1,002 37.14
1939 35 24,69 - ———- 87 23,79  (2) 665 24.19
1940 34 24,10 N7 23.08 82 22.14 621 22,52
1941 17 11,84 188 13.65 46 12,30 491 17.76
1942 27 18.9] 244 17.72 64 17.51 354 12.80
1943 23 23.02 330 23.94 84 22.67 - 650 23.54
1944 29 20.35 295 21.46 7 20.39 558 20.26
1945 41 28.42 396 28.76 102 27.45 765 27.70
1946 34 23.56 33 24.01 a2 22.03 632 22,88
1947 28 16.72 274 19.90 70 18.87 548 19.86
1948 34 23.79 325 23,61 ‘ 83 22.43 632 22.94
1949 21 14.74 244 17.67 57 15.32 447 16.17
1950 27 18.82 220 16.95 68 18.21 459 16.64
1961 44 ac.47 370 26.88 100 26,97 753 27.27
1952 46 32.00 114 30.14 ne 30.13 828 30.05
1953 38 . 26.81 377 27.39 86 24.00 745 26.99
1954 35 24,27 346 25.12 79 21.35 643 23.28
1955 35 24,38 336 24,38 81 21.89 664 24.04
1956 43 30.36 457 33.26 95 25.60 821 29.78
1957 22 15,59 223 16.20 "51 13.70 429 15.50
1958 34 24,04 333 24,17 75 20.20 627 22.72
1959 28 19.35 257 18.65 - 58 15.68 480 17.38
1960 49 34,63 (3) 490 35.63 118 31.89 917 33.30
1961 30 20.76 347 25.15 75 26,12 621 22,47
1962 22 15,33 263 15.08 49 13.1% 454 16.45
1963 23 15.99 251 18.21 58 15.54 448 16.22
1964 22 15.43 238 17.36 53 14,25 433 15,70
1965 (4) ¢ 5,73 {4) 102 7.39 (4) 23 6.18 (4) 196 7.08
1966 18 12.47 158 11.46 44 1.7 301 10.89
1967 kY| 21.50 310 22.51 75 20.27 595 21.57
1968 29 20,16 303 22.09 72 19,34 569 20.66
1969 37 25.62 328 23.82 83 -22.44 621 22.37
1970 39 27.26 366 26.56 94 25.47 731 26.47
AVERAGE 321 22.76 304 22.10 80 21.52 610 22.18

1) Runoff adjusted for ¢hange in contents in reservoir
storage at Birch Hi1T Dam and/for Tully Lake.

(2) Gage relocated 2.5 miles downstream. Drainage area
375 sq. mi. (prior to 1 Jan 1939, 370 sq. mi.)

E3 Maximum annual runoff for period of record.
Minimum annual runoff for period of record.

PLATE F-28
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GEOLOGICAL SURVEY [WATER RESOURCES DIVISION)
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(R:‘z,l_oﬁ., - . UNITED STATES DEPARTMENT OF THE INTERIOR sta. No, 0 1 5000
"t ( : GEDLOGICAL SURVEY {WATER RESOURCES DIVISION) Bl ‘( -===
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BIRCH HILL RESERVOIR
AREA AND CAPACITY

DRAINAGE AREA = 175 SQ. MI.

ELEV.  STAGE AREA CAPACITY ELEV. STAGE AREA CAPACITY
MSL FEET ACRES AC. FT. INCHES MSL FEET  ACRES AC. FT. INCHES
815 0 0 0 0 838 23 1,700 16,800 1.80
816 1 40 100 .01 839 24 1,800 18,500 1.98
817 2 90 200 .02 840 25 1,910 20,400 2,18
818 3 140 450 .05 841 26 2,010 22,200 2.38
819 4 190 750 .08 842 27 2,120 24,100 2.58
820 5 250 1,000 .11 843 28 2,225 26,100 2.80
821 6 310 1,450 .16 844 29 2,325 28,300 3.03
822 7 375 1,750 .19 845 30 2,450 30,500 3.26
823 8 450 2,200 .24 846 31 - 2,550 32,800 3.51
824 ] 525 2,750 .29 847 32 2,660 35,600 3.81
825 10 600 3,200 .34 848 33 2,775 38,200 4.09
826 11 675 3,800 .41 849 34 2,890 41,000 -4.39
827 12 740 4,500 .48 850 35 3,000 44,000 4.1
828 13 820 5,200 .56 851 36 3,110 47,200 5.05
829 14 890 6,000 .64 852 37 3,200 49,900 5.34
830 15 975 6,900 .74 Crest Elevation = 852
831 16 1,060 7,850 .84 853 38 3,340 53,600 5.74
832 17 1,140 8,800 .94 854 39 3,460 57,000 6.10
833 18 1,230 9,900 1.06 855 40 3,580 61,000 6.53
834 19 1,320 11,100 1.19 856 4] 3,700 64,500 6.90
835 20 1,420 12,200 1.31 857 42 3,825 68,500 7.33
836 21 1,500 13,700 1.47 858 43 3,940 72,500 7.76
837 22 1,600 15,200 1.63 859 44 4,060 76,500 8.19
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TULLY RESERVOIR
AREA AND CAPACITY

DRAINAGE AREA = 50 SQ. MI.

ELEV. STAGE AREA - CAPACITY ELEV. STAGE  AREA CAPACITY

MSL  FEET ACRES AC.  FT. TNCHES MSL  FEET ACRES AC. FT. INCHES
625 0 0 0 0 648 23 615 3,075 1.16
626 1 5 5 0 649 24 650 3,625 1.36
627 2 10 10 0 650 25 685 4,225 1.59
628 3 17 15 .01 651 26 710 4,875 1.83
629 4 20 20 .01 652 27 745 5,550 2.09
630 5 23 25 .01 653 28 775 6,325 2.38
631 6 32 125 .05 654 29 800 7,125 2.68
632 7 38 200 .08 655 30 825 7,950 2.39
633 8 45 225 .08 656 31 855 8,775 3.30
634 9 55 375 14 657 32 880 9,600 3.61
635 10 65 425 .16 658 33 905 10,450 3.93
Permanent Pool = 636 659 34 93¢ 11,300 4.25
636 11 78 §25 .20 660 35 955 12,250 4.61
637 12 95 650 .24 661 36 980 13,225 4,97
638 13 112 825 .31 662 37 1,005 14,150 5.32
639 14 140 1,025 .39 663 38 1,025 15,225 5.78
640 15 210 1,225 .46 664 39 1,050 16,225 6.10
641 16 305 1,500 .60 665 40 1,075 17,250 6.49
Recreation Pool = 641 666 41 1,095 18,425 6.93
641 16 305 0 0 667 42 1,115 19,525 7.34
642 17 365 325 2 668 43 1,140 20,525 7.72
643 18 420 700 .26 Crest Elevation = 668
644 19 465 1,100 .47 669 44 1,160 21,525 8.09
645 20 505 1,525 .57 670 45 1,185 22,525 8.47
646 21 545 1,975 .74 671 46 1,205 23,525 8.85
647 22 580 2,525 .95 672 ¥ 1,225 24,525 9.22
673 48 1,245 25,525 9.60
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LOG OF RADIO REPORTS -FLOOD CONTROL DAMS

Z1_Noyember 1973

WACHUSETT RELAY , RS
" 264 593 25 24 512 38 27 43 37 592 50 36 46
- NEW ad
: WEST {iiTTLE] xnicni- | aimen BARRE | MANS -l rgy [EAST WEST Jyonees imuFrumd c
5 iTE HILL [VILLE | VILE g WiLl § TUEDY iRaiig |BIELD G vicie | BRIM- |THOMP-|yi i agEfviLLE BARRL | ]
1} Time of Observation 0800 0800 0800 0800 0800 0800 0800 | 0800 0800 0800 }_nsap 0800 L
_g Precipitation(last 24 hrs)] , o 0 0 g2 0 f iy o a Q a £
r_._Equ_of Precipitation - - - - - - - - - - - - . i
4| Present Waather Clear P Cldy | P Cidy |Clear Clear Clear Fog P Cldy Clear P Cldy Clear {P Cldy e 4
5| Pool Stoge 2.23 518.47 | 1.5 1.89 _]10.70  [771.86 8.4 J10.40 1.13.16 | ¥3.59 | 2.0 1..09 5
6| Tendency F s S £ $ F RS s 3 S £ 5 6
- : }=Fa0-
7. Gate Openings 3-0-3 | 2-2 3-3-3 _ #-0-0-4 }25-0 3-3 1.2-¢ | 0-F-0 2-2 1 0-F-0 | 3-3 0-F-0 7
B| Yoilwater Gage L.40 147|260 a8 | 279 o258 t 174 f3m- o249 o3 [opar " 8
9] Outflow 11 21 117 91 _} 18 18 94 30 18 £3 1] 17 ki
INDEX POINTS
ho 3.3 4.68 '0
[ 1.82 3/198 50 11
I¥d o _ [ 12
13 3
. 14
5 15
REMARKS
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STEMS
GATES
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REGULAT'ON OF AND RESERVOIRS RCS NEDED-
FORM
NED ,r¢'ss 503 LOG OF REPORTS AND INSTRUCT!IONS
0ATE BIRCH HILL RES TOLLY  Res. | T MILLERS CONNECTICUT,
AND GATE RIVER AT RIVER AT RIVER AT
TIME . |RES POOL BATE OPENING QUTFLOW B RES POOL OPENING OQUTFLOW I PRECIPITATION MAIN STREET MONTAGUE CITY
OF i — =
inepoaT MourisTaGg | |23 fe (s]e|7(stmicrs llnoualsncc tlels wlcrs.ﬂ LOGATION IHOUR a:‘:r:::c ::eunlsnc-s C.FS Iuoun sTace] c.rs Joumr|sTace crs Hour [STaGE| c.Fs
5 JULJ0800JE3.80 5101 015 b, 274 1146 HDBOO 17.88013 1 0R.64 175 M Birch Hill 53 0300 ]0.0 f 0800 24.8!,63080
R ne Tully .63
1100013.67[ 5|0 015 L28.1138010007.94 013 | 0B.63 1758 Birch Hitl .05].58 11100 0.0 1100p5. 3 j65440
Tully .051.68
1500 13.57] 510 | 0|5 .24 1138 l1s00017.874 ol3 | ol3.68 1750Birch Hill .07 1. 60_§1500].08 1500 P6.0 RRRON
ho to]6{0]10]6 Tully .091,72
6JULI0B00[12.54 610 Of 6 .35 1215[p800N7.56{ 0|3 | 0B.64 175 0800 .20 D300 P3.5 ]57200
Go £4 7101 0l 6
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NED FORM 0, RESERVOIR REGULAT ION

i5 Nov. 1951 COMPUTATION OF INFLOW
Flood of APril_1960
__ feservoir _Tully BY ___ pate _4/11/60
e CHANGE IN | FLOW TOTAL |
RES. STAGE |into/from INFLOW REMARK 8
Agﬂ? STAGE 5’;‘;‘_‘ ‘“’A’:j“" -sm{mm OUTFLOK | (5) £ (6) A
1960 Feet served|justed| c.f.s. c. . s, c. .8,
LD (2 3 | @ (5) (6) (1 (8)
1/0000 9.8 ‘ 380
1.5 .25 200 - 578
(0600 11.3 375 N
: 1.5 .25 300 687 -
1200 K 12.8 _ ' 400
1.4 _1.23 420 720 ‘ ]
1800 14.2 ' 200
1.4 .23 600 800
2/0000 15.6 200
1.2 1,20 740 940
0600 16.8 200
1.1 .18 | 800 . 1005 L ' |
1200 | 17.9 210
0.8 1.13 660 . 875
1800 18.7 220
0.7 .12 | 660 | 882
3/0000 19.4 . 225
0.5 1.08 460 687
Q600 19.9 230
0.1 .02 120 _ 350 -
1200 20.0 230
0.1 ].02 120 350
1800 20.1 230
0.5 .08 490 820
4/0000 20,6 230
~—
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BIRCH HILL DAM RESERVOIR _July MONTH 1373 YEAR

GATE OPERATION RECORD

PLATE F-47

0
x
[+ 4
<[ = | & o] o
<| - | = w—]
b o| © ol
w| x | o2 ] o
o
x
o
<
4 .
_& =T =T - == =S -1 = =1 -1=7-
o o -] - ~-T o -] - -1 -~ -1-1o -[-1"
o - - -t - -~ I -~ -1 -1-1-
o - - [~ =] -] -1T-T=H-7T-T-1= -7T-]~
N O N —] W o O ) N Wy Y WO <l o W
Blw[ o o] o] of = o oof o = o A O Wl | o
= < <] < < < < | | o] H S ]
T
PRI P R
Ecto.co.uu.oalnul
s|&
| =]
N
BW50354896735041.I5
ﬂll_6531|nu37753090730
Pl | =l ] o o) oa] ood) oaf ] o ] —f —
© -
0
wl o o o of w =~ o~ 2] od » v » o o
MM8753258875212952
TO....'OO...O..QU
5”222 o o el o en] ool en| o] oof od] od o
& {us
={x
=) o oo oo oo o oo o 99 oo o
9@»0000000000000000
o 1O © @ o o o o o oo oo cof 0| o eof co| 0 @
THOOOOOOOOUOUUOOOO
6”6789012345678301
5011]]222222222_3
<
mlid] o o [v0] 0l
2'»
<1

FORM
NED SEP TO 90 REPLACES EDITION OF MAR 62 WHICH IS OBSOLETE



T

STANDARD OPERATING PROCEDURE (SOP)
FLOOD CONTROL REGULATION B
BIRCH HILL DAM AND TULLY LAKE
STORM RAINFALL BIRCH RIVER INDEX STATIONS : [
(WITHIN 24-HR. PERIOD) HILL TULLY (STAGE IN FEET) REGULATION \
ANTECEDENT CONDITIONS DAM LAKE MILLERS RIVER connecTicut | INSTRUCTIONS | o oo DURING EACH PHASE |
PHASE ~—— AT RIVER j
SNOW-COVRD DRY POOL POOL AT GATE SETTINGS :
WETOR FRO- ATHOL [ ORANGE]| ERVING MONTAGUE| SPRING- [BIRCH HILL] TULLY - A9 '
GROUND STAGE STAGE :
{MAIN ST, {MAIN i : <
ZEN GROUND - CiTY | FELD DAM LAKE ; =4 /=" BIRCH HILL\\] —d
FEET FEET | oadesmnl e Samil(s7s so.mikz 865 som) i / =\ oLy £04M ’1 4 /
|~ APPRAISAL "FLOOD CONTROL DAM OPERATOR| : // LAKQ a ) ; \
- i ny y S b
- . 0 G| ! NET7 N ™ - A ® © %
SUMMER | SUMMER [0 RS I s | PHASE T J % __ S e A 5 vy \
FIRST ALERT L.o" .O" & (RISING) I9(RISINGY |¢11500 s (50,800 c.Ls) NORMAL 7. COLLECT AMD TRANSMIT RATHFALL AND STAGE DATA TO RCC. ) : A & R\
1.0 RISING 2. OPERATE ACCORDING T0 INSTRUCTIONS FROM RCC. N MgﬁAG{ ‘ St \
.. ., WINTER | WINTER | oo () SETTING N I eare ¢ \
SECOND ALERT 1.5° 2.0 6(RISING) I5{RISING) WST;}“’CTED PHASE IT ; _ -~ _~ / \ 3 ~ > o
. 1. OPERATE ACCORDING TO INSTRUCTIONS FROM RCC, l N S I \ —
(Or As Instructed ) As Instructed [As Instructed . Emgg{g iLL lIJmUEUAl§ EOTEITEONS AT DAM, DOWNSTREAM | l R l N -
b o e e e e ——— e e ] e e e e | e | — —] | e ] — — | — | e e ND INDEX STATIONS,
GROWING ‘ -] GROWNG DISCHARGE | DISCHARGE 3. COLLECT AND TRANSMIT RAINFALL AND STAGE DATA AT, ; \9 r~ ~/
SEASON SEASON : ; " N
\ ted 25 SHOULD NOT | SHOULD NOT | MINIMUM 3-HQUR INTERVALS OR AS DIRECTED BY RCC. I
INITIAL REGULATION 2.0" 3.0 As Instructed jAs Instructed Ni:;ggvjmse NON-GROWING| ———= |~ EXCEED | - :
(Or AS lnSfrqued) 20(2400¢.45.) tNS‘?EU%gl'ED ) 1,250 C.f.s. 350 C.f.S. PHASE IT .
1 GROWING GROWING 7. CONTINUE PHASE II, STEP 3.
1T - CONTINUATION 3.0" 4.0"  |As Instructed [As Instructed] | | o | RESTRICT OUTFLOW | Ghge prggs. oo coeLs R0 POTERTEAL
OF REGULATION (Or As Instructed) : ‘ : ’ o %s o2 Qs TO MINIMUM RELEASES|3. REPORT TO RCC FOR FURTHER INSTRUCTIONS. LEGEND
. - : i 5 o 5
' WSTRUCTED L INSTRACTED — FRoTEeT REGULATOR B = e o S & U.5.6.5. RECORDING STREAM GAGING STATION
T — EMPTYING  STORM THE SAFE DOWNSTREAM CHANNEL CAPACITY FOR BIRCH HILL NON-GROWING | SCALE IN MILES & TELEMARK
SEASON IS 2,800 C.FS.,TULLY 800 CFS.. GROWING SEASON ' PHASE T e _
THE RESERVOIRS HAS ABATED | pren HILL 2,000+ CES., TULLY 650 C.FS. 11, cowprLe paTa. O STAFF GAGE
: 2. PLAN AND COORDINATE NEXT TRANSMISSION TO DAM :
OPERATORS. :
3. RESTRICT OUTFLOW TO MAINTAIN SAFE DOWNSTREAM ;
EMERGENGY OPERATING PROCEDURE (EQP CHANNEL CAPACITIES. ‘ .
{During Communicaticn Failure wif(:h RE)?C) NOTES: X , 4. INFORM CONNECTICUT RIVER BASIN REGULATOR OF ACTIONS) AVERAGE PEAK TRAVEL TIMES
Gate operative for any of the following conditions: 7. Emptying the reservoirs shall not be initiated until contact has been established with RCC. : :
disch from Birch Hill Dam shali d fs/h to 2,000 cfs and 200 -PHASE T BIRCA HILL DAN TO ATHOL —4-Shrs
) _ Partial Closure ComE1e‘lce C]osure 2. The rate of increase in reservoir discharge from Birch Hi am shall not exceed 500 cfs/hour up to 2, cfs an : ! TULLY LAKE TO ATHOL - 2-3hrs
Birch Hill T-1"-1"-1 0-0'-07-0.1 . gizihggg 2¥§r 2,000 cfs. The rate of increase from Tully Lake shall not exceed 200 cfs/hour up te 600 cfs and 50 cfs/hour 1 EONTIITJUE! ?E,G,ULQEEQN éE,STEESTIQgS TIOI EAM O,EERAT'O?S.. | ATHOL TO ORANGE — 2-3 hrs
Tutly o oo 3. Maximum rate of reservoir drawdown should not exceed: Birch Hi1l - b feet/24 hours Tully -~ 5 feet/24 hours gF F;:gggbﬁ VT DISIT TEGRLOR T AL SRR | ORANGE TO MOUTH OF MILLERS RIVER — & hrs.
. er : - - . A
Nonarowing Growing Nongrowing Growing 3&@. ngggINATE REGULATION WITH CONNECTICUT RIVER BASIN | ! MOUTH OF MILLERS RIVER TO MONTAGUE CITY — 2 hrs.
4, Refer to paragraph 30e for snowmelt regulation. REGUL - i
Precipitation 5. Refer t h 12¢c for fce jam floodi '
Wet Ground 1.5" 1.5" z2.0" z2.0" . Refer to paragrap ¢ for ice jam flooding.
Dry Ground 2.0" 2.0" 3.0 3.0" PHASE or
6. TRefer teo paragraph 30h for rising pool road closures. 1. COLLECT DATA FROM DAM OPERATORS. :
Main St. Athol 2.0 1.5 3.0° 2.0 o . . . 2, 'CHECK GUIDE CURVES FOR ALLOWABLE RELEASES, :
*7. Refer to Phase III, paragraph 30d for operation instructions with regard to Main Street Athol stages. 3. CONSULT WITH CONNECTICUT RIVER BASIN REGULATCR.
Montague City 26 25! 28! 28" ) ' ) o . . 4. TRANSMIT INSTRUCTIONS TG DAM OPERATORS.
8. If spillway discharge is anticipated, refer to paragraph 30f on gate release schedule above spiilway crest elevations.
Refer to paragraph 33.
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NOTES

MORTON MEADOWS HOUSING DEVELOPMENT

I 2

FLOW IN 1,000 C.F.S.

CONTROLS MAXIMUM STAGES.

CONTACT RESIDENTS WHEN RESERVOIR
RELEASES WILL RESULT IN STAGE AT OR

ABOVE 3.0 FT.

WATER IN STREET AT STAGE OF ABOUT

33 FT.

WATER REACHES FLOOR JOISTS AND

UTILITIES AT ABOUT 3.8 FT.

CONNECTICUT RIVER FLOOD CONTROL

MAIN STREET BRIDGE
AT ATHOL, M ASS.

RATING CURVE

NEW ENGLAND DIVISION, WALTHAM MASS,

APRIL 1974
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MORTON MEADOWS
HOUSING DEVELOPMENT

ATHOL ,MASS.

1,500 FEET DOWNSTREAM
MAIN STREET GAGE VIEW
LOOKING UP STREAM

~ STAGE=2.8'

ILAKE ROHUNTA DAM
ATHOL., MASS.

TYPE- EARTH FILL
LENGTH- 630t
HEIGHT-23't

SPILLWAY LENGTH - 40"
FLASHBOARDS-8(4'x5.5")

DRAINAGE AREA-20.3SQ.ML.
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STAGE IN FEET
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CHASE TURBINE COMPANY DAM
ORANGE ,MASSACHUSETTS

TYPE-CONCRETE
LENGTH DAM-175'%

SPILLWAY LENGTH-80'

.e.

FLASHBOARDS-9{4'x86")
DRAINAGE AREA- 316 SQ. M.





